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ABSTRACT 

The perceptions of experier ^^i^d contractcrs regarding 
elements of a construction curricular guido at the baccalaureate 
level that war recommended by the education committee of the 
Associated General Contractors (AGCI were studied. The curriculum is 
designed to prepare Individuals for the construction industry* 
Sixty-three employees of Colorado AGC member firms completed the 
survey instruDtpnt- Based on the findings^ the following conclusions 
were drawn? (1) respondents found it difficult to look beyond their 
cwn particular job responsibilities in evaluating the isportance of 
elements of the curricular guidei (2) respondents attached a higher 
level of Importance to elements that were related to their academic 
backgrounds (3) the length of construction experience does not appear 
to have a significant influence on perceptions of element importancei 
(tt) the respcnse to work experience as an alternate source of 
instruction for construction^oriented elements indicates that 
classroom instruction for these elements has only partially been 
accepted by iEdustry personnel i and (5) while eight elements were 
found to be substantially less important than all other elements^ the 
original construction education guidelines are essentially as valid 
now as when they were developed* The findings are illustrated by 
statistical tables, and procedures used to select the study 
populationp develop the questionnaire, and analyze the results are 
described* A sample questionnaire is included* (SW) 
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PREFACE 

The primary objective of this project was to davelo^e 
design criteria for construction education curricula at 
the baccalauraate level, utilizing input from the industry 
practitioner. The project was divided into two BegmentB, 
(1) a technical report and analysis of curricular elements 
to develope a model data base^ and (2) a curricular plan-- 
ning resource guide , which attempts to quantify the ele- 
ments for inclusion into a model curriculum. 

Since the technical report was also prepared as a 
doctoral dissertation, the organization methodology and 
statistical analysis were accomplished under the strict 
guidance and scrutiny of an academic committee, at the same 
time synthesizing extensive input from contractor education ^ 
coimnittee members and staff members of AGC-Colorado. 

The population sample of contractor personnel utilized 
in the investigation repreBented a varied segment of the 
industry, but because of the magnitude of the total in-- 
dustry, did not include reference to residential construction 
or several types of specialized construction processes, agi 
marine, electrical or mechanical. The investigator found 
such diversity of educational needs that further study is 
recommended fo^ \:ntial and mechanicn 



Quantification of desired curriculum elements into 
semester credits was not undertaken in the technical report 
primarily because of the difficulty in determining precise 
time units to many curricular elements. Many of the ele- 
ments are already in accepted and traditional time units, 
such as: Algebra (3 semester credits). Inherent in such 
programs is the need for flexibility in "packaging" con- 
cepts into courses to meet the specific goals of program 
or institution. The planning and resource guide attempts 
to place concepts in appropriate component groups which 
may be further "packaged" by an individual program into 
a specific course. 

Many face to face discussions with construction pro- 
fessionals and educators form the conceptual basis cf this 
technical report and resource guide. The investigator 
found many divergent idoas concerning construction educa- 
tion, but no disagreement on the concept or need for the 
product - a constructor. This report will hopefully add 
data and thought to the educational foundations of con- 
struction, which will also serve to provoke discussion, 
debate and then further development of this evolving 
academic discipline. 
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ABSTRACT 

Young, James W, ^'Analysii of Construction Curricular Elements." 
Published Doctor of Education disiartatlon, Univeysifcjr of 
Northern Colorado, 1977, 

Purpose 

"tiie purpose of this study was to explore the perceptions of 
experienced constructors regarding elements of a conetruction curri- 
cular guide recommended by the education committee of the 
Associated General Contractors in 1967. More specifically, the 
study was designed to aacertaini (1) the relative level of importance 
escperienced constructors place on each of the elements of the curri- 
cular guide; (2) if element instruction should be acquired from 
sources other than an undergradimte construction program* (3) if 
constructors identify elements not included in the original guidelineB- 
(4) if academic background and length of construction e^cparience 
influence the perceptions of constructors toward the construction 
curricular elements. 

Procedures for the Study 

An ex po^ facto design was selected for this study ol the per- 

ceptiong of experiencuu uonstructar^ regarding elements of a con* 

struction curricular guu , ^Participants were limited to field and 

project management persomsel with baccalaureate degrees. 

iii 



Sixty-three employees of Colorado AGC member firms completed 
flie survey instrnment. 

To determine the relative importance of each element, the 
mean and standard deviation was computed and rank ordered. Mean 
values for level of importance were obtained by equatlngi »*No impor- 
tance" to 0; "moderafce importance" to 1; "aubsfcantial importance*' to 
2; and "eisentiar' to 3. Respondents selected an altern^a source of 
instruction if the elemunt was judged not appropriate to wdergraduate 
instruction. 

The influence of academiG background on perceptions of elr^mant 
importance was tested by T-test of difference of means. The relation 
ship of academic background to perceptions of elamant importance 
with experience controlled was teited by chi -square test of signifi- 
cance. 

The data were analyzed with the assistance of the "Statistical 
Package for ihe Social Sciencee'' computer program* 

Findings 

(1) The influence of academic background on perceptions of 

lespondents was significant on 31 percent of the elements, (2) With 

escperience contr olled, the relationship of academic background to 

perc options of e^lement importance was significant on only 13 parcent 

of the elements. (3) Respondents attached greater importance to 

elements closely related to their responsibilities* (4) Only eight 

iv 

t 



elements were perceived by even a iizeable minority of the 
respondents as more appropriately acquired from iources other than 
an undergraduate program, (5) No element received sufficient nega- 
tive response to exclude the element from the original guidelines 
for undergraduato construction programs. . 

Conclusions 

Based on the findings of this study, the following conclusions 
were drawn: (1) Respondents found it difficult to look beyond their 
own particular job responsibilities in evaluating element importance. 
(2) Respondents attached a higher level of importance to elements 
which were related to their academic background. (3) l-he length of 
consti'uction s^erience does not appear to have a signiiicant influ- 
ence on perceptions of element importance. (4) Thu response to 
work experience as an alternate source of instruction for construc- 
tion oriented elements indicates ihat classroom instruction for these 
elements has only partially been accepted by industry personnel. 
(5) While eight elements were found to be Bubstantially loas important 
'Jian all other elements, the conclusion may be drawn that the original 
cuiiatruction education guidelines are essentially as valid now as when 
they were developed, 
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Recommendations 

It is recommended that.' (1) Based on the apparent influBnco of 
academic background, construction program advisory commiitees 
should be comprised of persons with differing academic backgroundB. 

(2) The study should be replicatod with a population drawn from upper 
levels of management to determine if their perception of element 
importance is comparable to perceptions expressed in this study. 

(3) The role and place of required work esqjerience prior to graduation 
should be studied. (4) Thj study should be replicated in differing 
geographic locations and with construction firms belonging to other 
industry associations. (5) In light of the minority response to alter- 
nate sources of element instruction, the education comwitteo of the 
AGC should consider development of additional guic. neB for inelu- 
fliOi; of co-op (or internship) programs in the undergraduate programs, 
use of industry seminars as aupplementary undergraduate instruction, 
and development of guidelines for graduate level cpastruction courses. 
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CHAPTER I 



DEVELOPMENT OF THE CONSTRUCTOR 
Nature at the Conatruc tiQii Industry 

The buslnese of construction represents a multiplicity of 

anomalies in the American Lndustrial world. Contrary to typical 

2 

business oparationsi the contractor moves to the cons+,ructlon site, 
sets up a '^factoryi hires a working force, produces '»one of a klnd,'^ 
dismisses the employeeSi closes down the factoryi ard moves to the 
next project he has contracted to manufacture. Each project opera- 
tion presents new production problems^ new groups of production 
employees, and a complete new syetem of controls for management 
of the project* 

Further, unlike the major auto makers or electronic data 
manufacturers, the largest contractor organisation has less than 

1 . 

Constructor ; a responsible master of that discipline which 
compriaes the whole of the construction process as well as the 
essential parts thereofi possessing such skills founded on syste- 
matic knowledge acquired through prescribed education and refined 
by experience, or earned equlvalently as a recognized practitioner, 
who initiates, develops, produces, delivers, and services In whole 
or essential part. 

2 

Contractori refers to the total conitructlon organization 
operating as a buslfiess entity. 



one percent of the total, construction marke.t. ^ The largest contractor 
by total dollar of contracts in 1975 exceeded 6.8 billion dollars, 
while the 400th conti-actor in size had under 24 million dollars in 
contract! in the iame year. ^ Engineering Ne ws Record reported 
tiiirty-one percent of the work constructed in 1975 was accomplished 
by the top 400 construction firms. The remainder of the construction 
doLlars expended in 1975 was by thousands of small one -owner 
organisations. 

Historically, while industry data indicates construction is one 
of the country's largest industries, employing 15 of every 100 
workers; there are indications of high risk both financially and 
technically - in the construction industry. ^ Engineering News 
Record reported an average of 45 to 55 construction company failures 
per week in the United States during 1975. Low working capital 
requirements and poor licensing and pre -qualification procedures 
make it easy for many unqualified persons to enter the contracting 
field. Bonding companies report the primary causes of compauy fail- 
ure ars inadequate management procedures and lack of financial con- 
trols. Another characteristic of the American construction industry 



^"The ENR 400. " Engineering News Record, April 15, 1976, 

p. 66. 

^"The ENR 400, " Engineering News Record, April 15, 1976, 

p. 80. 

^.-Building Slump Lingers; Gains Seen for '77," Engineering 
News Record, January 22, 1976, p. 42, 
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is its slowness in adopting known industrial management techniques 
in manpower planning and utilisation, time planning and scheduling 
systems, and materials handling techniques long used by the typical 
manufacturer. For example, while premanufactured brick panels 
are available, the typical constructor is placing bricks in a wall one 
at a time, at a pace less than that of 30 years ago, and in the same 
manner as 200 years ago. 

Accelerated building costs, however, have dictated increased 
industry efforts to improve capabilities in systems building, con- 
struction techniques, construction equipment design and utilization, 
and the computerisation of cost control and schaduling* 

The traditional contractor of several decadeo past came up 

from the crafts after years of journeyman training (generally 

carpenters) or as graduates of conventional engineering programSi 

With minimal sopHstication and a great deal of hard work and 

ingenuity, many ^'constructors" succeeded. However, technological 

advances in building systems, advanced management tools, and 

greater emphasis on control of costs have created an increased 

demand for highly qualified technical and managerial personnel by 

the industry* Bonny relates the following requirements for this ''new 

breed'' of contractor? 

Courage and optimism and v.illingness to work are 
no longer enough to assure success in contractingi The 
new breed of contractor and all of his staff, as he grows 
larger and spreads gaographlcally, must have knowledge 
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and great competence In many fields. He must understand 

how to choose and organise his staff. He must know how 
to command. . , get the financing. . . engineering and 
estimating must be understood, . .the strategy of bidding, 
accurate and detailed costs. . .InBurance. . .labor rela- 
tions and public relations, . . . No longer Is It possible 
to run a construction company "by guess and by God" with 
a Uttle luck. 



C onstruction' Management 

The successful constructor (one who completes the work on 
time and makes a profit) has balanced and interfaced a series of 
controUable functions and a variety of uncontrollable factors. The 
acquisition of new construction contracts is In one sense controllable 
in that estimates and bids can be produced. However if the bid 
flubn^tted is not lowest, the project will not be available to con- 
struct. Weather, for example. Is an uncontrollable factor of a 
possible disastrous magnitude, unleis the superintendent or project 
manager has planned ahead for alternate activities, adjustments in 
crew sizing, and the modification of scheduling for remaining 
activities. Cost control is a function that can be planned in an 
orderly maimeri labor relatione on the job Is largely unpredictable 
and difficult to control. To coordinate the many different functions 



^J. B, Bonny, ed. , Handbook of Construction Management and 
Organization (New Yorki Van Nostrand Relnhold Company, i973), 
p. 2 . 
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5 

and factors inherent in construction requires a flexible, skillful 
management team of specialists working toward a common goali to 
construct at a profits 

The organization is largely determined by the type of work 
done, contractaral system used, and qualifications of personnel. 
Several examples of Gonstruction organization operational systems 
are- (1) a general contractor who does very little sub -contracting, 
(2) a general contractor who subs out most of the work {sometimes 
referred to as a broker), (3) a design -*bulld contractor who contracts 
for all design phases and the construction^ with varying dagrees of 
sub-contracting, and (4) the construction manager, who may be a 
direct representative of the owner and be Involved from design 
through construction, and who may not do any construction with his 
own forces. 

Contractors, regardless of operational type, have a field 
supervisory group and a home office organization handling overall 
roject management, estimating and bidding functions, accounting 
and purchasing. Although firms vary greatly in gross income, the 
number of staff personnal involved will not vary In the same propor- 
tion, A typical contractor may have 6 to 12 projects under way, a 



DefinltlQni The process of marshalling money, men, 
materials, and equipment against time^ weather, and human nature 
to accomplish the act of construction, ASC 1966, 
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staff of 7 to 20, and an aimual gross income varying from $500, 000 

to $100,000,000,^ 

The field organization is headed by a Superintendent who is 
responsible for job-site control of the project. He has the authority 
to hire or lire the labor force and coordinates all aub- contractor 
activities. Dependi«g on project slae, several itaff positions may be 
assigned: assistant superintendent responsible for segments of the 
work; project engineers reiponslble for cost control, scheduling, 
and shop drawlngsi field engineers responsible for field layout, 
materlali expediting, quality control, and materia! estimates. 
Hired for tius single project are journeymen from several specialty 
areas (masons, Ironworkers, paintera. etc. ) and a foreman for each 
of the crafts. This work force will vary in size as the job manpower 
needi are determined during the life of the project. 

The Project Manager has overall control of the project and 
handles contract adminlitratiom he monitors and attempts to control 
costs, and serves ? s project liaison between the Owner and 
Architect. A Project Manager may be responsible for several 
projecti or a single large project. He may also be responsible for 
bidding of new work, If the company does not have an estimating 



ment 
p. 3-4 



^J, J. O'Brien and R. G. Zllly, eds., Contractor' a Manage- 
Handbook. (New York: McGraw-Hill Book Company, 1971), 
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department. The field force reports to the Project Manager through 



the job Supermtendent. 

Withiji the company structure are support functions of account- 
ing, purchasing, equipment maintenance, and general overall opera- 
tions control through the chief executive officers. The construction 
organization has no standard profile, nor are position titles and job 
descriptions coixmion to all of the industry, Acnounting methods, 
estimating procedures, and business acquisition techniques differ 
greatly between companies. Conmion to the industry, however, are 
the basic concaptaal processes of determining the probable cost of a 
project from a set of drawings and specifications, bidding or nego- 
tiating a contract, and organizing a field manufacturing systam to 
produce the project* 

The uniqueness of construction operations requires manage- 
ment and technical persons with qualities notf^d by the AGC in the pre 
eimble to the const'*'uctlon education guldellnesi 

(1) The human understanding to be able to work with 
all types of people. 

(2) The discipline to think and reason logically, 

(3) The technical ability to visualize and. solve 
practical constructicn problems. 

(4) The managerial knowledge to make soimd decisions 
and implemant them on a prudent economic basis. 

(5) The facility to coimnunlcat^ these decisions 
clearly and ^.onclsely. 

(6) The profensional stature to provide dynamic laadarshlp 
In the construction Industry and the conmiunity. 



Associated General Contractors, "Educational Goals and 
Recommended Construction Curricula for the Construction Industry," 
Washingto.rt, D, C. , 1967. 



Education of the Constructor 

The need for uniquely educated peraons for construction: was 

recognized by some aegmenti of the Industry and by educators in the 

early 1950' s. 1951, Unlveiaity of Misslsiippl Professor of Civil 

Enimeerlng F. H. Kellogg proposed, as he called it, major surgery 

on the then current civil engineering curriculum to prepare graduates 

in engineering to be more than. technicianB in construction. 

Professor Kellogg suggested that most senior design courses be 

replaced with specific construction subjects and even courses "for 

those who intend to work with people, . , , particularly Instruction 

requiring writing and thlnl lng in wnrds rather than In pictures, 

numbers and symbols.' W, A. Winger contractor, former 

president ol the Associated General Contractors (AGC), and active 

proponent of education and training programs for construction — 

2 

proposed a new degree program for construction In 1956. Essen- 
tially a fifth year on top of a civil engineering degree program, 
Kllnger' a recommendations included management courses, technical 
construction courses, and general business accounting. Also recog- 
nized by Kllnger was the fact that only one major institution had a 



^F. H. Kellogg, "The Conitruction Curriculum In Civil Engi- 
neering, " CivilEn|ineerln^^ February, 1951, p. 9. 

^W. A, KllRgl<''.'» "ConBtruction Educations Industry Leader 
Proposes 5-Year College Curriculum," The Constructor, January, 
1956. 
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degree in construction engineeifing- national engineeruig organiza- 
tions were just beginning to Btudy the problem of education for 
construction, 

A survey of contractor members of the AGC in igii concluded 
that contractors did, In fact, want an emphasis in construction 
management, even if advanced structural design and certain other 
courses had to be omitted* However, this survey concerned itself 
with civil engineering education only, and while contractors respond- 
ing to the survey queitlons felt that "construction was essentially a 

management function, " they still preferred an engineering degreed 
1 

person. 

Degree programs in "building construction'* existed prior to 

World War n. The oldest continuously operating program, Unl' 

verslty of Florida, started in 1935* Other programs were Initiated 

after World War H with the encouragement of Johns -Manville 

Corporation, a building materials company. Johns -Manvllle' s 

Interest was to "encourage young people to enter the building 
2 

industry," However, the industry genemlly indicated an attitude of 
"sub -professional" toward such non-engineering degree curricula, 

1 

W* Klingler, "What Do Contraotors Want in Construction 
Education? ", The Constructor, August, 1961, 

2 _ . 

Km Dt lOiievel, "History of Industrial Conatructlon Manage- 
ment at Colorado State Univeriity and A Comparative Study of 
Contemporary Programs, " (Masteri Thesis, Colorado State 
University, 1965), p, 14* 
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The national education committee oi the AGO began discus slons 
on recommended construction curricula in approximately 1965. A 
aub-commlttee composed of construction company executlvos pro- 
duced a goals statement which statedj 

Inct jasingly, the Construction Industry is coming to 
realize that it will be served best by personnel specifically 
educated and trained in the managerial and scientific tech- 
niques necessary to meet the ever-tecreasing demands of 
this rapidly changing technological age. Few industries 
have more diversified personnel requirements. Proiesfiional 
engineei'S, businese managers, technicians and skilJed 
craftamen, together form its manpower framework. 
Probably no other Industry Is so beset by recurrent 
personnel shortages at all levels. It Is more than obvious 
that expanding training of manpower Is one of construc- 
tion' a most psressing needB. ^ 

Finally completed in 1967, this statement and reconmnended 
curricula guidelines were circulated to all AGC members and inter- 
ested Institutions. While these guidelines were significant because 
of being "first, " the development process was conducted by a very 
small segment of the total construction Industry. The problem still 
remainei What are the signifisant and desirable elements in a 
construction curriculum? 



^Associated General Contractors, Educational Goals and 
Recommended Construction Curricula for the Construction Industry," 
Wfiiihlngton, D. C, 1976. 
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Purposea of the Study 



The purpoae of this study was to explore the perceptione of 
experienced conitructors regarding previously developed elements 
of a constfuction curricular guide developed by an education com- 
mittee of a national consti'uctlon association between 1963 to 1967. 
More specifically, the study was designed to' answer the following 
questions: 

1* What level of importance do selected experienced 
constructors place on each of the elements listed 
in the currlcular guide? 

2* Are currlcular elements listed which present day 
constructors feel should be obtained from sources 
other than an undergraduate program in construction? 

3. Are currlcular elements Identified as essential to 
undergraduate curricula that were not included in 
the original guidelinas? 

4, Does the academic background or length of construe* 
tlon eKperience Influence the perceptions of eKperienced 
constructors toward the construction curricula elements 
of an undergraduate program? 

Guidelines established In the mid-1960s remain as the only 

available nationally distributed recommendations for construction 

programs in the developmental stages* With the many change n in 

industry occurring over the past decade, there is reason to que^itlon 

the applicability of the guidelines In the present time framei There 



Definition: Elements For the purpose of this study, an 
element will designate the smallest single subject area as listed in 
the AGG Construction Curricula guidelines. 

On 
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view with a totetty mmu perspective refiuireri campitencies, ai 
conspired to the viewpoint oi top raanaiiment. 

Movement Toward Accreditition 

The proliferation of conitruction proirams in recent yein at 

the biccilaureite level sugpsti the need to re-evaluite the imke-up 

of extstini currieulH iuidilinei. The Construction Educition 

Dirgetory {m W^) listed ?3 colle|ei and univeriitlei offeriiii 

undergiidMte and/or griduats deiree programs or options within 

degree propimi in conitruction. Thia is an increaii of forty.ei|ht 

schools since m, ^ The Aisociated Schools of Construction (ASC) 

his a 1977 membirship of fifty-onei with several applisationB 

pendini, This organiMtion represents only construction degree 

preirams at the baccaliureate level, toua) surveys by the ASC 

irora 1966 to 1916 show that total enrollment increased from 043 

students to 6, 301 students, mi graduitis receiving B.S, deirees 

I 

iiiereisedfrom 350 inl966 to 1,164 in 1975. 

While growth in eonstiuction education continues, the £ollowin| 
conditions exist indiciting a need for this study; 



^C onstruction Educition Directjry (Waihlngton, D.Ci The 
Assflciated Giniral Contrictors, iv^'h P' i- 

-Associated Schools ol Construction, "Minutis of the eleventh 
eneral meeting of the Aisociited Schools of Construction, " Monroe, 



Louisianai 1975. 



1 , Little formal reseirch his been undertaken to investigate 
and validate re'^uirements for i baccalaureite degree in 
construction, 

2, The ixisting currlcul?, guidelines are over ten years old. 

3. Contractors, while aware of the desiribility of conitruc- 
tion graduates, are concerned about the uniformity of 

1 

programs, 

4. Develapment of accreditation procedures for construction 
educi,tion is currently dependpt on out-dited data, 

Several reseirchers over the past decade have livestigited 

vasious aspects of construction educition, In 19^9, Caldweli (Ifni- 

versity of Florida) surveyed academic prograffls in construction - 

throughout the United States, Caldwell reported on one biiic 

problem of construction programs identificationi 

The building construction department is located 
in one of two colleges or schools in the majority of 
Institutions, Of the twenty-one Instit'jtloiis included 
in this study It was found that the depai'taent is located 
in the College or ScleQl of Architecture is twelve 
Instances and in the College of Engineering in live, 
Of the remalmng, two are in Schools of Business 
and Adminlitratlon, two in Industrial Arts, and one 
in the College of A|riculture,^ 



" Werviews with contractor members ol construction education 
CQsmittees over a sui-yeir period, 1969-1975, by the resiarcher, 

I 

Wofford T, Caldwell, "A Study of the Curriculum in Building 
Conitriictlon at hititutioni of Higher Learning Throughout the United 
Statis" junpublished Master's thesis, Floridi State Univsriity, 
1964), p, 31, 
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Knlevel esaentlaUy support-id the above /-hidings and noted the 
lack of faculty with doctorates, indicatmg that in 1965 it was not 
possible to earn a doctorate in construction. ^ While Knievel did not 
attempt to place values on the inclusion or exclusion of subject areas, 
ha did compare course offerings at Colorado State University and 
seventeen other schools. A primary finding was the inconsistency 
in types of course areas, with the exception of general education 
(English, social sciences, etc.) and the most basic of engineering 
courses, 

A survey of AsBeciated Schools of Construction (ASC) members 
in 1966 essentially substantiated the findings of Caldwell and Knlevel. 
The ASC survey divided the curricula Into five academic areas and 
had particliiatlng schools assign their courseB to the various cate- 
gories. The most apparent aspect of this seventeen-school study 
Was the non-unlfornalty of offerings. For example, the range of 
basic sciences offered was from a low of 11,9 percent to a high of 
32. 5 percent of total curriculum credits. Other areas of applied 
iciences, management, and humanities were just as varied. Such 
variances can be understood when it is remembered that no general 



Knlevel, p, 32, 

^ABSoclated Schools of Construction, "Report of Curriculum 
Study Committee, by Frank Orr, Chairman, Auburn University, 
1967. 
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curriculum guidelines existed during the development of the 
participating schools, 

A later curriculum comparison study under the auspices of 
ASC included a greater number of schools. The curriculum compo- 
nents in that study were the same as the AGC recommended guideline 
components. In an attempt to compare programs against the guide- 
lines. Many of the flame general characteriitics of earlier studies 
appeared in this 1973 ASC study. A wide range of courses was 
listed under such components as ''construction," '^management," or 
"science,'* The percent distribution of required courses in construc- 
tion, for example, ranged from a low of 21 percent to a high of 41 
percent. Under the management component, the percent distribution 
of required courses ranged from a low of 10 percent to a high of 28 
percent. ^ The AGC recommendation for each of these two areas Is 
15 percent and 16 percent, respectively. No part of these reported 
studies included an industry needs assessment or placed a "value'' on 
particular curricular elements. These tw6 ASC studies pointed out 
to educators and industry persons alike the lack of standard 
programs or even basic knowledge, specific knowledges, or compe- 
tencies required by constructors* 



Associated Schools of Construction, "Report of Curriculum 
Study Committee, '' Thurman Potts, Chairman, Northeast Louisiana 
University, 1973, 

Dp 
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Some educators have attempted to identify these elementB by 
field surveys among construction contractors. For a study of 

construction education at Purdue UniverBity in 1973, Moss had 

industry practitioners ranJs academic topics, skills required by 

graduates, and knowledge expected in a construction graduate. Six 

senior level construction executives from the same metropolitan 

area gave a value of 0 to 3 to each elem«it from a predetermined 

list. The mean values were then rank ordered. These data were 

then used to formulate several proposed curriculum models. 

More recently a senior undergraduate student of Iowa State 

University mailed questionnaires to approximately 100 graduates and 

their employers to determine their opinions of specific couj ses and 

the overall effectiveness of the construction engineering curriculum. 

Specific courses were liited, and graduates and employers were 

asked their opinions on each course. Comments from employers 

included the statement, "... Construction engineers are much better 

2 

prepared for construction than are civil engineers." 



^D. D. Mo a, "Knowlf-.dge and Skills Expected in a Construc- 
tion Graduate, " Unpublished report presented at meeting of Joint 
Committee for Construction Education, Purdue University, August 
1972. 

^L. L. White, "Report on the Effectiveness of the Construction 
Engineering Curriculum at Iowa State University, " The American 
Professional Constructor, 1974, 2(2), 5-14, 



Concurrenl with the several studies reported, ASC and the 
Americau Inititute of Constructors (AIC) proceeded to develop 
accreditation procedures for construction education. The American 
Council for Construction Education was incorporated and presented a 
proposal for formal recognition to the Council on Post-Secondary 
Accreditation (COPA) in early September of 1976, For the preeent 
time, ACCE has been content to utilize curriculum components and 
percentages formulated by the AGC and used by the ASC. For the 
first time in the development of education for construction^ all major 
industry associauons have joined to support accreditation efforts hy 
ACCE* However, there is still no real consensus by industry and 
educators as to the required curricular elements that will produce 
the desired ^'constructor^" capable of meeting the needs of this 
complex industry* 

Study Limitations 

The magnitude of the construction Industry in the United States 
is such that no single descriptioni picture or research study can 
adequately begin to cope with this complex body of industry associa- 

i 

tions, company organizations, and construction procedures. There 
is need, then, to focus on a group of constructors which representi 
the industry. The following limitations were placed on this study to 
maintain a manageable range of personal contact with the 
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artlcipants. and to better understand the icope ol work by the 

ontractor organizations. 

Limitation Number 1; Participants were selected from 
member construction firms of the Colorado Chapter of the 
Associated General Contractors of America. The study was 
concerned with development of educational elements by an 
AGC committee which has continued to function, bringing to 
Individuals in AGC member firms an awareness of educational 
opportunities and needs. In addition, the 131 lirms of the two 
AGC Chapters In Colorado reprsBented a cross section of 
contractor operations in general construction, utility, and 
heavy-highway construction. These firms also represented a 
range of dollar construction volume, and varying sizes of 
management staffs. It can be reasonably assumed that this 

f 

group represented the contractor members of the AGC. 
Limitation Number 2: Participants were selected from staff 
and salaried positions, with primary responsibilities in field 
operations and office technical and management functions. The 
highest level of responsibility of a participant selected for this 
study was that of Project Manager. Corporate level executlvei 
have often indicated that much of their working time Is spent 
in commi^nity affairs. poUtlcs, and other activities outside of 
and away from daily project op'Arations. For this reason, 
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personnel below the corporate level were selectad as 
participants, 

Ljlmitation Number 3i Only persons with college degreee 
qualified as participants. The terminology and basic concepts 
used in the construction of the AOC guidelines are related to 
college and university curricular procedures. Therefore^ 
awarenesi of these procedures was essential to the respon« 
dents^ understanding of this study. 

Limitation Number 4 i Participants were selected with a 
minimum of one year construction experiencet One yearns 
eKperience was considered minimum to develop an awareness 
or understanding of construction procedures * 
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CHAPTER n 

PROCEDURES FOR THE STUDY 

This study investigated attitude, and perceptions c£ experi- 
enced constructors toward construction curricular elements developed 
by an industry association in the early 1960.=. These curricular 
elements »ere re -evaluated by field and middle management con- 
structor personnel employed by companies having membership In the 
sa,.« association which developed the original list of curricular 
elements* 

Selection c ' r.nn.tructor Participants 
The base population from ,»hich participants «ere selected 



were employees of member firms of the two Colorado chapter, of 
the Associated General Contractors of America. Tl-ese two chapters 
represent general building contractors, utility construction, heavy 
and highway contractors and some industrial construction. Member 
firms rang., in si.e, indicated by the yearly dollar volume, from 
under one million dollars to over 120 million dollars. The 
researcher's prior association with these firms Indicated a high 
utilization of degreed personnel in staff positions, particularly from 
.nglneerlng and construction mana„.ment disciplines. Executive 
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ifld itilf personnel hive bten active in itite aiid natioiial AGC 

affairi over the pait decade, with particula? emphaiii in edacition 

and traininc progrimi of the lisociilion, ' The opirational area of 

the^i conitraction firms varied from a twenty-five mile ridiue of 

Denver to nationwide, Most companias had homt officei ilon| the 

ColoradQ front panfe, This area repreiants the lariait concentration 

of conitruction firmi in the central Rocky Mountain itatei, With the 

aiiiitance of the executive ataff of each J^GE chipter, membership 

lilts were reviewed to eliminate firms known to hive no opirational 

personnel or projecte underway; to eiiminati firms doing busineii 

only in the far western Sictign of Colofido; and to eliminite firms 

which had no personnel that could be catagori^ad within the study 

parameters. Al atlted in the limltationl of the study, Ih partici- 

panti mn to have; 

L Baccalaureate degree, 

■ 2, Minimum one yeir construction ixperiince after griduitiofli 

3i Major responsibilities in fields project or offici manap. 
mint, 

Dila with reipect to firmi conticted and the number raiipondin| is 
presented in Table I. 



The AGC of Colofido, Buildini Chapter, k., employs a full- 
time iducatioiill director, The Colorado Contfictor's Aiioclition 
asiips educaHonal functions to the assistant director of the chiplir, 

0 



TABLE I 

PARTICIPATING CONSTRUCTION FIRMS 



^ : - 

Firms 


Memoe! 
iMp 


Deleted Conticted Responded 


AGC of CDlorado Con^ 
trictori 








12 53 M 


Colorado Conitructore 




il 43 11 


Association 


85 



ERIC 



Executive officers oftlie AGCmimbfir conitruction firms were 
contacted in person or by phone, with tb issistince of the ediicitien 
director of the AGC chapter office, The iludy objectivei were out- 
lined to the executive and if a positive risponie m mM the 
executive mi asked to identify pirticipinti that were within the 
study parimeters. Some executives were reluctint to identify all 
potintiil participants in their firms, and in feci, some executives 
did not know or remember which per sus had degrees, 
reason, it was impossible to determine the total potential number 
of participanti. Tlie final composite nufflbef of personB agrieini 
to participate wis determined to be 1 K diireed, staff penonnel, 

Approximitely half of the questionnaires were delivered in 
person to the chief executive of the construction firm or i membir 
of the majiaiement itaff. The rimiinder were mailed toctly to i 
chief executive, with an additional letter of Introduction, Sample 
letters and the lurvey instrument are included in Appendix B. 
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Sixty-five of the 125 survey instruments were returned by the dead- 
line of September 15, 1976. Theie reipoAies represented 35.4 
pfircent of the 96 construction firms asked to participate in the 
study. Although there is no precise diLta to support or deny the 
contention that the participating pereonnel are associated with firms 
ranging from small dollar volume to large dollar volume^ it is 
believed that the respondents represent a fair cross -section of 
commercial construction contractors. 

Design of the Survey Instrument 

The primary purpose of the study was to determine the parcep- 
tions of experienced constructors toward educational elements 
developed for baccalaureate construction education programs by the 
AGC committee on Construction Educatioii. These perceptions we^e 
analyzed in relation to the following variables: 

(a) baccalaureate degree of the respondent 

(b) length of construction experience after graduation* 
Respondents were also requested to recommend new elements and to 
select one of three alternatives of element instruction if the listed 
element was not appropriate to an undergraduate curriculum* 

The instrument was designed in two parts i (a) biographical data 
on the respondent, and (b) a Likert-type scale format for reeponsa 
to the 63 elements. The complete iurvey instrument is included in 
AppendiK Cv The bio-data form included questions concarnings 
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1. Name of present employer 

2. Type of conitruction performed by the company 

3. Title which best describes respondent's current position 

4. Years of work experience in respondent's current position 

5. Years of work experience after gradiiation 

6. Year of graduation from undergraduate degree program 

7. Type of undergraduate degree program 

8. Name of institution from which degree was received 

9. Graduate level courses taken 

10. Type of graduate degree 

11. Has the respondent taken a continuing education course? 

12. Is the respondent registered as an Architect or Professional 
Engineer? 

The distributional characteristics of this bio-data were com- 
piled in the form of frequency distribution tables, with appropriate 

summary statistics. 

'rhe second segment of the survey instrument included the list 
of construction curricular elements, divided into three sections: 
(1) Construction and Management Elements, (2) Basic Sciences and 
Engineering --Basic ,md Applied, and (3) Socio-Humanistic Studies. 
The list of elements used in the study was an interface of two recom- 
mded construction elements lists, one for building construction and 
for heavy highway construction. The AGC Education Committee 
decided in 1972 there was no real difference between the two original 



mei 



one 



39 



25 

separate lists and combined the reconimanded guidelines into one 
recoinmendation for pUE^oses of simplicity. No elcsments were 
deleted unless there were duplications. 

To give greater clarity or better understanding of terminology, 
the researcher e^anded several of the elements used in the original 
list. For esample, the AGC list used the word ''graphics, but did not 
indicate if mechanical or architectural graphics, or both, were 
desirable. The survey instrument included both types of graphics. 
Construction cost accounting was added to supplement the term 
"accounting J' The term ^'quantity takeoff* was added to expand on 
the term *'cost estimating. " To determine if an academically higher 
level of mathematics and physics was desired, the elements "differ- 
ential equations" and "engineering physics" were added to the list 
used in the survey instrument* 

After each of the three sections, several blank spaces were 
incladed to permit writing in recommended elements. 

To the left of each element, space was provided to check one 
of the four levels of importance as perceived by each respondent. 
The columns were headed i (0) No Importance, (1) Moderate Impor- 
tance, (2) Substantial Importance, and (3) Essential, Each respon- 
Q mt was askud to indicate the level ^f importance that he attached to 
each element as it related to the level of importance for incluiion in 
an mvdergraduate construction curricula. To provide the respondent 
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an alternate choice for source of instruction, three columns were 
provided at the right of each elements (1) Work Experience, (2) Non- 
degree Special Course, and (3; Graduate Program. A fourth column 

i 

was provided to indicate that the element was not needed in conitruc- 
tion. The selection of alternate sources of instruction categories 
was based on experience of the reflearcher in construction education 
and in consultation with experienced constructors. 

The format of this study has been based on prior work related 
to determining technical competencies and performance levels desired 
by industry. In 1969, Maness assesied the perceptions of industry 
as to the need for curricular elements termed "jntegrated circuits."- 
Maness indicated the desirability of limiting the number of choices 
when industry persons are asked to respond to the questionnaire- 
type studiae* 

IXi a study of vocational agviculture teachers, Oades^ requested 
each respondent to determine a performance level and to indicate the 
source of each technical competence. Five levels of performance 
perceptions and seven sources of instruction were used. 



^Maness, M. T. "A Critical Analysis of Integrated Circuits 
With Implications for Industrial Teacher Education Programs, " (Un- 
published doctoral dissertation, University of Northern Colorado, 

1969). 

^Oades John Douglas, i' Occupational Es^erience and Teclmi- 
cal Competence of Vo-Ag Teachers," (Unpublished Ph.D. Disserta- 
tion, Colorado State University, 1976). , 



Bio^Data Anal yaig 

The Butvey LnstT' ment requasted each participant to indicate 
the major type of construction his company performed. Table II 
indicates the frequency of construction firm type in each of the ten 
catagoriei listed. 

TABLE II 

PRIMARY TYPE OF CONSTRUCTION PERFORMED 
BY RESPONDENT'S EMPLOYEliS 





Tyrpe 


Frequency 


Percent 


1. 


High-Riie Commercial 


0 


0 


2. 


Commercial 


26 


41.3 


3. 


Institutional 


0 


0 


4. 


Heavy-ffighway 


14 


22. 2 


5. 


Highway 


2 


3.2 


6. 


Utility 


6 


9.5 


7. 


Industrial 


1 


1.6 


8. 


Commercial -Utility 


2 


3. 2 


9. 


Commercial-lriduatrial 


10 


IS. 8 


10. 


Other types 


2 


3. 2 



Since many construction firms are diversified, a single word 
description of the type of construction perforined was difficult. 
Participants were asked to incUcats their secondary type of construc- 
tion performed by the respondent'i employer. Table 111 indicates 
the frequency of secondary type of construcfcion performed by respon- 
dents' employers* i 
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SECONDARY TYPE OF CONSTRUCTION PERFORMED 


BY RESPONDENT'S EMPLOYERS 






Type 




Percent 


1. High-Rise Residential 


2 


3. 2 


2s Coiiimercial 


2 


5m L 


3, fiistitutional 


8 


12,7 


4, Heavy-ffighway 


16 


25. 3 


S, Highway 


1 


1.6 






6, Utility 


5 


7.9 


7» fiidustrial 


8 


12.7 


8, Commercial -Utility 


5 


7.9 


9. Commercial-InduBtrial 


9 


14. 2 


10, Other types 


7 


17.5 



Positions Held by Respondents 



Participants were asked to indicate the primary and secondary 
job titles which beat described their current company responsibility. 
Job titles used in the survey instrument were selected with the aid 
of industry consultants to rel.ect large and small company orgi 



ranisa- 



tions. 

Several respondents from small construction companies used 
the title of "Vice President." The researcher, after a personal 
interview with the respondents, determined that the day-to-day 
responsibilities were involved primarily with day-to-day project 
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management. As a result, the respondent's title of "vice president" 
was recoded as "project manager. " 

Table IV presents the frequency of response by position title, 

TABLE IV 



JOB TITLES WHICH BEST DESCRIES CURRENT 
POSITION OF RESPONDENT 





Position 


Frequency 


- i ■ — — 

Percent 


1. 


Field Engineer 


1 


1. 6 


2. 


Assistant Superintendent 


1 


1. 6 


3. 


Project Enginrer 


8 


12, 7 


4. 


Superintendent 


5 


7.9 


5. 


Estimator 


13 


20. 6 


6. 


Scheduler 


0 


0 


7. 


Cost Control 


0 


0 


8. 


Project Manager 


31 


49,2 


9. 


Officer Manager 


1 


1.6 


10. 


Other Titles* 


3 


4.8' 



Other titles included- Chief Estimator and Office Engineer, 
and Vice President, 



tJnfiergraduate Degrees of Reapondents 

The respondentB were asked to Indicate the imdergraduate 
baccalaureate degree received. Table V presents the frequency for 
each of the degree titlae Uated. Four respondents indicating ^»other»' 
were reassigned to a category most closely associated or related, 
i.e., English Literature recoded as Huma,nitles; Architectural 



30 



Engineering as 5 Year Architecture; and Construction Technology 
as Bulldmg Construction. The above deErees were received from 
f,^fMnty-seven different eollegei and univeraities as indicated by the 
respondents on the survey instrument, 

TABLE V 



UNDERGRADUATE DEGREE OF RESPONDENT 


Type 


Frequency 


% of Total 


Architecture 5 Year 


5 


7.9 


, Business 


6 


9.6 , 


Cons t ru cti on - B uilding 


5 


7.9 


Construction-Engineering 


1 


1.6 


Construction-Management 


21 


33. 3 


Engineering "Civil 


21 


33. 3 


Engineering -Electrical 


1 


1.6 


Enginee ring -Me chanical 


1 


1.6 


Science 


1 


1.6 


Humanities 


1 


1.6 



Construction Experience of Respondents 

RespondentB indicated their length of construction experience 
in terms of the years of experience since graduation and the number 
of years' experience in their current position. Table VI reports 
aumrnary data for each category. 
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TABLE VX 

CONSTRUCTION EXPERIENCE OF RESPONDENTS 



Frequency Mean Std. Dev. Range 



Years' Experience 

Since Graduation 63 10, 17 yrs. 7.99 29 
Years' Experience 

In Present Pos if: ion 63 4*94yrB. 5,95 '29 



The total riafca are reported in Appendix D for construction 
experience since graduation and in Appendix E for years of experi- 
ence in respondents' current positions. 

The construction experience of respdndents listed by academic 
degree is indicated in Table VIL 

Posfc -Baccalaureate Educa tion 

To determine the extent of education beyond the undergraduate 
degree, questions were asked concerning graduate courses, graduate 
degrees and continuing education courses. Table VIII presents 
summary data concerning these responses. 



I. 
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TABLE VU 

CONSTRUCTION EXPERIENCE SINCE GRADUATION 
LISTED BY A GADEMIC DEGREE 



Sub- 



24 



27 
28 
29 
30 



Years of Frequency 

Experience Construction Engineering Other 



11 

12 1 



13 0 
14 



19 

20 0 



21 

22 

23 0 



3 0 0 

4 0 0 
3 2 0 

6 0 I (Science) 

3 2 0 



1 
2 
3 
4 
5 

6 3 10 

7 
8 
9 

10 



4 -2 1 (Business) 

0 1 0 

0 10 

J 12 (Business 

English) 

0 1 0 



0 1 (Architec- 

ture) 

0 I 1 (Business) 



1 • 1 0 

15 0 0 0 

16 0 0 0 

17 0 
18 



I 1 (Business) 



0 2 0 

0 1 0 



I 1 (Business) 



0 0 0 

0 1 0 



0 2 (Architec- 

ture) 



1 (Architec- 
ture) 

0 1 0 



25 

26 0 1 0 

0 0 0 

0 0 0 



0 0 0 

0 2 0 

29 23 11 

^^"^jg Total Respondents i 63 
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TABLE vm. 

POST-BACCALAUREATE EDUCATION OF RESPONDENTS 



lype ox Coursework 


Frequency 


Percent of Total 


Coursework at the 


Yesi 


15 


^ -J m Q 


Graduate Level 






Graduate Degree si 








MBA 




0 




MS 




5 


7.9 


Ph.D. 




0 




None 




58 


92. 1 


Continuing Education 


Yesi 


33 


52.4 


Courges 









Professional Re gistration 

Professional Registration has not been a prerequisite for ton- 
tractor operations* However, with a high degree of engineering 
educated construction persons as potential respondents, the survey 
sought to determine the extent of registered persons in the study 
population. Table IX presents the frequency of registered persons 



TABLE IX 
PROFESSIONAL REGISTRATION 



1 


Frequency 


Percent 




Profesiional Engineeri 


6 


9. 5 




Architects 


1 


1.6 




No Registration 


56 


88.9 
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Procedure for Data Analysis 

The research design utilized in this study was ex £08t ^cto. 

Kerlinger states that: 

Ex post facto research is systematic empirical inquiry 
in ^hich the scientist does not have direct control of independent 
variables because their manifestations have already occurred 
or because they are inherently not manipulatable. Inferencei 
about relations among variables are made, without direct 
intervention from concomitant variation of independent and 
dependent variables. 

The independent variables of this study consisted of the respondents- 
academic backgroond and length of construction experience. The 
dependent variables studied in this investigation were the ratings of 
importance of each element as perceived by experienced and degreed 
construction personnel employed by member firms of ^wo Colorado 
chapters of the AGC. 

Relative Im portance of Elements 

TO determine, the relative importance of each of the seventy.one 
lements as perceived by the sixty-three respandents, the means and 
tandard deviation were computed and rank order established. Mean 
./alues for level of importance were obtained by equatingi No Impor- 
tance to "0"; Moderate Importance to "l'-| Substantial Importance to 
"2''; Essential to "3". 



e 



s 



^FredH. T<^-»-iinpwr. I Foundations Behavioral Reiearch. 
(Chicagos Holt Rinehart and Winston, Inc., 1973), p. 379. 
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Influence of Acadfemic Bac kg round 

The influenca of academic background on the perceptioni of 

reapondenti toward the curricular elements was studied by testing 

the following null hypotheiis* ? 

HYPOTIffiSIS H^j* There is no diflerence between constructori 
with academic degrees in construction and constructor^^ with 
academic degrees iij engineering in their perceptione of the 
importance levels of the construction curricular elements* 

The corresponding alternative hypothesis is statedi 

HYPOTIffiSffi H^j I Constructors with academic degrees in 
[ construction and constructors with academic degrees In 
engineering differ in their perceptions of the importance levels 
of the construction curricular elements. 

The null hypothesis was tested using T-tests of significance on each 
element to determine if perceptual differences exist between respon- 
dents of differing educational backgrounds. The 0.05 level of signi- 
ficance was used to test the hypothesis. 

Experience as a Controlling Facto r 

The relationship between academic background and perceptions 
of curricular element importance whan controlled by length of con- 
struction esiperience was investigated with the use of contingency ' 
table analysis and summarised by chl -square test of significance. 

Respondents were divided into two groups by educationi engineering 

i 

education and construction education. Theie groups were further 
divided by length of construction eKperiencmt less than nine years af 
experience and greater than nine years of e^^erience* 
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The following mill hypothesis was tested to determine if a 

systematic relationsMp existed between the two variables i 

HYPOT^SIS H I Thare is no difference between con- 
structore with academic degrees in construction and 
constructors with academic degrees in engineering, and 
the length of conitruction experience as it relates to 
their perceptions of the importance levels of the construc- 
tion curricblar elements. 

The corresponding alternative hypothesis is statedi 

HYPOTHESIS H % Constructors with academic degrees 
in construction ail constructors with academic degref^s 
in engineering differ in their perceptions of the imports 
leyels of the construction curricuU.r alements, in relation 
to length of construction e^^erience of the respondent* 

The following model illustrates the tj-ree -dimensional table 

utilised to investigate the relationships stated in the null hypothesii 

Element t^e, Orientatiwi, is used as an example, to the first 

table of aie contingency table analysis, the controlling factor of 1 t 

9 years of experience is exi.mined. 



I 
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ELEMENT ONE; Orientation GROUP.* Education 

CONTROLLING FOR; Experience 

Less than 

(Table One) ■ 9 years 



Level of Importance 





0 


1 


2 


3 






Engineering 
Education 


3 

33. 3 
42. 9 
8. 33 


1 

11. 1 

25.0 
2. 8 


3 

33. 3 
27,7 
8. 3 


2 

22. 2 
14.3 
5. 6 


9 

25. 0 


Count 
Row Pet 
Col Pet 
Tot Pet 



Construction 


4 


3 


8 


12 


27 


Count 








Education 


14. 8 


11. 1 


29. 6 


44.4 


75. 0 


Row Pet 


57. 1 


75. 0 


72. 7 


85.7 




Col Pet 




11.1 


8. 33 


22. 2 


33.3 




Tot Pet 




7 


4 


11 


14 


36 


Column Tot 




19.4 


11. 1 


30. 1 


38.9 


100 


Percent 




/ 






Chi Square = 


2.077 










3 de 


grees of freedom 










Significance 


= . 556 



^ the second two-dimensional table, the relationship between 
acadeinic groups is examined by changing the controlling factor of 
eKperienca to respondents with greater than eight years. 
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ELEMENT ONEs Orientation GROUP: Edacation 

CONTROLLING FORi Experience 

9 or greater 



Level of Importance 



Group 


U 


1 

i 




3 








0 


5 


9 


4 


18 


Count 


Engineering 


. 0 


27, 8 


50. 0 


22. 2 


66.7 


Row Pet 


Education 


10 


83. 3 


81.8 


44.4 




Col Pet 




. 0 


18. 5 


33. 3 


14. 8 




Tot Pet 




1 


1 


2 


S 


9 


Count 


nonBtruction 


11. 1 


11.1 


22. 2 


55.7 


33. 3 


Row Pet 


Education 


100. 0 


16. 7 


18. 2 


55. 6 




Col Pet 




3. ? 


3. 7 


7.4 


18. 5 




Tot Pet 




1 


6 • 


11 


9 


27 


Column Tot 




3. 7 


22, 2 


40. 7 


33. 3 


100. 0 


Percent 



Chi Square = 5. 886 
3 degrees of freedom 
Significanee = .117 

The critical value of chi square = 7.82 with 3 degreei of frecidc 

the 0.05 level of significance. 



The printed output of the computer program were summarized with 
the chi -square statistic and probability. 

The chi -square test of significance was used determine 
whether a systematic relationship existed between the variables of 
education and level of curricular element importance when controlled 
by length of construction experience. Norman H. Nie, in the manual 
for "Statistical Package for the Social Sciences, " writes: 

If no relationship exists between two variables in the sample 
under study, then any deviations from the expected values 
which occur in a table bapcd on randomly selected sample 
data are due to chance. '/hile some gmaU deviations can 
bu reasonably expected uae to chance, large deviations, 
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i.e., large values of chl-square, are unlikelyi Since we do 
not know what the actual relationahip Is in the universe, we' 
ilite:^pi*et small values of chi-squara to indicate the absence 
of a relationship, often referred to as statistical independence i 
Conversely^ a large chi-square implies that a systematic 
relationship of sonrte sort exists between the variables, - 

Alternate Sources of Element jfastrucfcion 

Three categories of instruction are included in this studyi 
(a) work experience^ (b) non-degree special courses, (c) graduate 
programs. Respondents were asked to check an alternate source of 
instruction if the element was important to construction, but should 
not be included in an undergraduate program* Results ware reported 
by comparison of percentages of response for individual items* 

R,ecommonded New Elements 

The curricular elements listed in the original survey knstru*^ 
ment were developad over ten years ago, with no new additiona in the 
intervening time*^ With apparent changing construction procedures* 
contract systems and newer computerised cost comtrol techniques, 
respondents were invited to recommend additional education elements 
to meet the changing conditions in construction. The identification 
of new curricwilar elements as recommended by the respondents is 



N. H* Nie, C* H. Hull, J. G. Jenkins, Steinbrenner, D* 
Bent, Statistical Package for the Social Sciences , 2nd edition. 
{McGraw-Hill Boo^Company, New Yorkj 1975), pp* 224. 
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listed by academic areas of basic sciences and eniineering. construc- 
tion and management, and humanities and social sciences. 

The data for this study were analyzed with the use of the 
-Statistical Package for the Social Sciences" (SPSS) computer pro- 
gram. The basic distributional characteristics, .f the variables were 
examined through the sub=program -Frequencies." Investigation of 
the relationships between variables was accomplished through the use 
of the sub=program -Crosstabs. - The comparison of sample means 
lomplished through the use of the sub=program -T-Test. - 



was acc( 



Summary 

The purpo..e of Chapter II was to describe procedureB used to , 
select the study population, development of the survey instrument, 
bio-data analysis and data analysis procedures. 

Employees of member firms of the two AGC chapters cC 
Colorado were used as population base of 125 experienced construc- 
tors, from which 63 responded to the survey instrument. Analysis 
of the bio=data indicated that commercial construction (41 percent) 
was the primary type of construction performed by respondents. 
Heavy-highway construction was performed by 27 percent of the 
respondents' employers. Almost half of the respondents (49 percent) 
listed their job title as project manager, followed by estimator (21 
percent) and project engineer (13 percent). 
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One third of the respondents' academic degreea were in con- 
struction management and one third in civil engineering. The 

remainder of the academic degrees ranged from other construction 
and engineering degree titles, architecture, and buiiness. 

The researcher utilized sub-programi of the "Statiatical 
Package for the Social Sciences" (SPSS) for computation of one-wa) 
frequency distributions, mean differences, and contingency table 
analysis. 
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CHAPTER III 

PERCEPTIONS OF EXPERffiNCE CONSTRUCTORS 

A decade has elapied since constracto'r members of an AGC 
education committee developed and distributed the construction 
curricular guidelines. This study investigated the perceptiona of 
present-day experienced constructors toward elements of the AGO 
guidelines. Chapter II describes the data-gathering instruments, 
methods of research, and analysis of respondent bio-data. The 
purpose of Chapter IE is to present the data concerning perceptions 
of er perienced constructors with relation to level of element im- 
portance, relationship between academic backgroundB, and length of 
construction experience to perceptions of element importance, and to 
examine alternative sources of element instruction. 

Relative hnportance of ElementB 

Elements^ listed in the construction curricular guidelines 
recommended by the AGC were developed by a committee of con- 
struction practitioners whose primary responsibilities were in 



^Elements numbered from 1 to 30 are related to construction 
technology, management and project administration. Elements 
num^bered from 31 to 60 are concerned with mathematics science 
and engineering theory and design. Elements numbered from 61 to 
71 are concerned with socio-humanistic studies and elecuives. 
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overall company ffianagement, Participants seleeteJ for this itody 

I 

have major reiponiibilitiei in field oparitioni and project fflinage^ 
ment in commercialj utility and lieavpliighwiy conitruction* Si^^ty- 
three constructori responded to thii etudyi 

The diitributiond chiractariitici of reeponias to the level of 
iniportance scale for each of [he 71 akmenli ware eummirlzed by 
compating the mean and standard dfiviation. The relative importance 
of each element within the total iroup wis determined by rank order, 
The rank order of elementi ii preeented In Table with raw data 
reiponse of respondent! reported in Appendix Fj Frequency Distri- 
bution of Respondant's Pefceptioni of Livel of Importance by 



lenti, 

Mean vilues ire equated to a numeric scale of 0 to 3^ eofra- 
ipondini to the four leveli of imporlance, The approximite iroupini 
of elements around a particulir level wii liiiimed from the close- 
neii of the computed mean value to the fixed number value of the 
level of importince, The approximate diefribution of elementi by 
mean values within the four levels of importance is IndiGited in 
Table XI. 



TABLE X 

RANK ORriROF COITRUCTION 
CURRICULAR ELEMENTS 
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Number Elements 

55 Construction kmm 

I Speciiicationi k Drasinis 

B Oral Comiiiiicilions 

49 Fund, of Structural Desiin 

48 Fropertiis of Construction 
Materials 

41 Alpbw 

42 Tri|onoiiietr)f 
5 Quantilsr Take-off 

50 Structural Deiign: Wood, 
Concrete, Steel 

12 Project Schedulini I Control 
41 Mechanics of Materials 
54 Concrete Form Desiin 
4 Cost Estiniatini 

English Composition 
57 im4m M\\wA 
ii Eniineerini Surveying 
g Technical Report Writlni 
3^ Graphics: Architectural 
3 Construction Contracts 
4^ Statics k Mechanics 

13 Construction Economics 
1 Orientation into Construction 
El Soil Mechanics 

14 Cost Control Is AMlyiis 
43 Analytic Oeometrr 

5S 



m 

.154 







1 5 


1 11 




A 


L33 


,303 


5 


in 


.912 




in 


,37^ 


U 


2.30 


,315 


8,5 


2.30 


,795 


8,5 


2.21 


,383 


10,5 


2.27 


.333 


10,5 


Hi 


.782 


12 


2.24 


^.817 


13 


2.22 


.312 


14 


2.11 


M 


15 


2.oa 


,933 




2,0^ 


.931 


17 ■ 


2,03 


,915 


18 


2,09 


1,011 


19 


2.00 


1,01^ 


20 


1,M 


.975 


21 


1.15 


1,022 


23 


1.95 


.811 


23 


1,95 


1,053 


23 


1.92 


.955 


25.5 
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TABLE X (Continued) 



Numb 


er Elements 

—i — 


Means 


Std. Dev. 




53 


Foundation Engmeering 


1.92 


.848 


25. 5 


27 


Construction Contract Law 


1.8? 


1.054 


27 




Professional Ethics 


1. 84 


.987 


28 


9 


Building Materials 


1. 83 


.793 


29 


28 


Organization U Maiiageinent 


1.81 


1.075 


30 


35 


Graphics s Mechanical 


1. 78 


.923 


31 


23 


Personnel Management 


1.7S 


1.046 


32. 5 


32 


Engineering Physics 


1.75 


1. 015 


32.5 


26 


Business Law 


1.73 


.901 


34 


71 


Directed Electives 


1.71 


.990 


35.5 


37 


Descriptive Geometry 


1.71 


.905 


35.5 


11 


Construction Safety 


1. 70, 


.?94 
.994 


37.5 


64 


Logic 


1. 70 


37.5 


30 


Building Codes 


1, 67 


.933 


39 


70 


Electives (Undirected) 


1. 60 


1. 100 


40 


10 


C ons t r u c t i on E qu ip . " 1 1 


1.57 


.945 


41.5 


25 


Labor Relations 


1. 57 


1.042 


41,5 


31 


General Physics 


1. 56 


.980 


43 


6 


Bidding Procedures 


1.54 


1. 044 


44 


8 


Project Organization & 










Operation 


1. 52 


1. 148 


45.5 


44 


Calculus 


1. 52 


.997 


45 , 5 


24 


Labor Law 


1. 50 


.931 


47 


18 


Construction Cost /sccounting 


1.48 


1. 119 


48 


20 


Principles of Accounting 


1.46 


.858 


49 


52 


Hydraulics, Water, Sewerage 


1.44 


.929 


50.5 


58 


Engineering Economics 


1.44 


.875 


50.5 


69 


Psychology 


1.41 


.926 


52 


22 


Insurance U Bonding 


1,40 


1.040 


53 



ERIC 



00 
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TABLE X (Continued) 



Nuiriber 


Elements 


Means 


Std. Dev. 


Rank 


7 


Contractor Organization 
& deration 


1. 38 


1. 053 


54 


16 


Electrical; Estimating 
& Coordination 


1. 35 


.969 


55 


34 


Geology 


1, 33 


1.031 


DP. D 


15 


Electrical; HVAC Theory 
k Design 


1. 33 


.933 


56. 5 


19 


Principles of Economics 


1. 32 


.894 


58 


39 


Computer Programming 


1. 25 


.860 


59 


68 


Social Science, History 

fi- C\r\\r ^ ^ TlTTl ellt 

K-Jf LJ V C JL tttti^i^i' 


1. 19 


.877 


60 


21 


Finance 


1. 17 


.907 


61 


38 


Statistics: Business 


1. 13 


. 792 


62.5 


60 


Highway Engineering 


1. 13 


.832 


62.5 


40 


Computer Data Processing 


1. 08 


. 848 


64 


62 


Humanities i Literature 
£ine .f^rxp 


1. 03 


. 69 4 


65 


45 


Differential Equations 


1. 00 


,933 


66 


33 


Chemistry 


.91 


. 836 


67 


63 


Philosophy 


. 83 


. 773 


68 


59 


Advanced Structural Design 


. 71 


. 811 


69. 5 


17 


Systems Analysis k 

Operations Research 


. 71 


. 771 


69.5 


29 


Real Estate Fundamentals 


. 68 


. 667 


71 



61 

ERIC 
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TABLE XI 



DISTRIBUTION OF ELEMENTS BY LEVEL OF IMPORTANCE 



Level of 


Numeric 




Percent of 


Importance 


Scale 


Frequency 


Tatal Elements 


Essential 


3 


3 


4 


Subitantial Importance 


2 


44 


62 


Moderate Importance 


1 


24 


34 


No Importance 


0 


0 


0 


Totals 


1 


71 


100 



Elements ranking from 1 to 19* with a mean of 2,00 or greater, 
form a combination of basic technical cnnstruction skills, basic 
mathematics, engineering, and basic communication ikiUs. Thii 
group of elements is strongly oriented toward field production 
operations. Conversely, elements relating to overall company 
management ranked below 20 and a mean of lesa than 2 , 00. 
Examples of elements in this group include: 

Construction Contract Law (1, 87), Contractor Organisation 
(1- 38), Finance (1. 1?), Businesi Statistici (1. 13), Labor Law, 
(1-50), 

The response to perceptions of importance for mathematics 
elements placed the elements in the, standard instructional sequencai 

41 , Algebra (2. 32) 

42, Trigonometry (2,32) 

43, Analytic Geometry (1,92) 

ERIC 
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44. Calculus (1.52) 

45, Differential Equations (1.00) 

In contrast, respondents considered Element 49, Fundamentals 
of Structural Design, more Important than the requisites to the 
coursb. Element 46, Statics and Mechanics, and Element 44, 
Calculus, are typical prerequisites to Structural Design and both 
ranked substantially, lower In the overall list of elements. 

Inf lu enee of Academic Background 

For many years baccalaureate engineering programs have been 
a major source of personnel for construction project management. 
The engineering discipline evolved over the past half century into a 
rigid academic discipline with strong emphasis on mathematics and 
sciences, 'a lessor emphasis on socio -humanistic elements, and a 
very heavy emphasis In engineering theory and design concepts. 

Within the past decade, baccalaureate programs In construc- 
tion have become an additional source of personnel for construction 
project management. In contrast to engineering education, the 
construction curriculum Is an approximate balance between science 
and mathematics, aocio-humanlstlc elements, and basic engineering 
fundamentals, A heavy emphasis Is placed on construction tech- 
nologlos and managementi 
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Graduates of both the engineering and constriiction disciplines 
are Inciuded in this study, along with degree backgrounds in archi* 
tecture and business. One respondent has a degree in science and 
another a degree in the humaniHes, Respondents with degrees m 
architecture {5) were mcluded with the engineering group, as was the 
one degree tn science, RespondentB with business degrees (6) were 
Included with the construction group, along with the degreed parson 
in humanities. Hence, two groups were formedi a strong conrtruc- 
tion and management oriented group, and a strong engineering 
oriented group. 

To determine and evaluate differences in perceptions of con- 
structors by virtue of academic background toward the level of 
importance of the construction curriculum elements, responses 
from both engineering educated and construction educated groups 
were solicited, A T-Test of Significance was computed for each 
elementj with the ,05 level of significance used as a parameter to 
test the null hypothesis stated in Chapter U. The critical value for 
rejecting the null was 1, 671 with 61 degrees of freedom* 

Elements for which significant differences exlgt between the 
means of the two academic groups %re Included In Table XII* The 
data for all elements are reported in Appendix H, The null 
hypothesis was rejected for 22 of the 71 elements of the construction 
curricular guide. 
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TABLE XU 

T-TEST OF SIGNIFICANCE FOR PERCEPTIONS OF 
ENGINEERING EDUCATED AND CONSTRUCTION 
EDUCATED RESPONDENTS TOWARD CONSTRUCTION 



EDUCATION ELEMENTS 
SUMMARY OF ELEMENTS EXCEEDING 
CRITICAL VALUE OF T-ST/TSTIC 

T -Value 2 Tall 

Number Elements 61 df Prob 

7 Contractor Organization and 

Operation -1.79 * 078 

11 Construction Safety -2. 06 . 043 

12 Project Scheduling -2,16 » 035 

22 tisurance and Bonding -3*36 * 001 

23 Personnel liitenagemant -2*03 * 047 

24 Labor Law -2,E6 ,010 

25 Labor Relationi -2*11 * 039 

28 Fundamentals of Organization 

and Management -2. 16 * 035 

32 Engineering Physics 2.88 .006 

33 Chemistry 2*05 ,045 

34 Geology 4.92 .000 
37 Descriptive Geometry 1*93 .058 
44 Calculus 2.06 .044 
44 Differential Equations 1*95 . 055 
47 Mechanics of Materials 2*07 .042 

51 Soil Mechanics 2.73 . 008 

52 Hydraulics^ Water, Sewage 2.57 .012 

53 Foundation Engineering 3. 66 . 001 

56 Engineering Surveying 3.86 . 000 

57 Earthwork Surveying 2.31 .024 



£1 

00 

o 
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TABLE XU (Continued) 



Number 




T-Vaiue 

01 Cil 


Z Tail 


58 


Engineering EGonomics 


2. 09 


. 041 


70 


Undirected Elective Couries 


-1.71 


. 092 


H = 

0 


It 671 Significance Level 0.05 


61 df 
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For those elements included in Table XE with a negative T- 
Statistlc, the construction educated respondent Indicated a higher 
level ol importance when the aean of each group is compared for 
each element. 

In a similar manner, the engineering educated person indicated 
a higher level of importance lor elements with a positive T-Statistic 
when the meaii of each yroup is compared for each element. 

The first 8 elements in Table xn are concerned with conitruc- 
-tion organization, operations and management. The remainder of 
the elements included in Table XII, with the exception of Element 70, 
are engineering and science elements. 

The academic background of the respoiident appeari to have 
significant influence on perceptioni of the importance of elements 
of the construction curricula guide. 

Experience as a Controlling Factor 

The relationship between academic background and pei'ceptions 
of currlcular element importance when contrasted with the length of 
construction experience jvas Investigated with the use of contingency 
table analysis and summarized by chi-square test of significance. 

The experience of respondents ranged from 1 to 30 years of 
construction experience since graduation, with a mean of approxi- 
mately 10 years. Graduates of construction programs had fewer than 
14 years of experience, with a mean of approximately 5 years, and 




in contrast, engineering graduates a mean of over 15 years. The 
intent was to determine if experience was a factor which infliienced 
perceptiona of the level of importance of the constriiction elaments. 

Elements for which the null hypoihesis was rejected are in- 
cmded in Table XIII, Critical values chi-'^quare and probability 
are reported in Appondbc I for each elenier . Significant dirferencag 
were found for 13 percent of the elements. The null hypothesia was 
rejected on 4 elements for the 1 to 8 years e^n^rience grci and the 
null hypo&esis was rejected for 5 of the elemei^ts for the 9 to 30 
years of experience group* While it is apparent that experience is 
a significant factor for some elemejAts, there is no indication of a 
systamatic: relationship existing between perceptions of element 
importance, academic background and length of construction for 87 
percent of the elements * 

Alternate Sources of Element Instruction 

There are several possible alternatives to instruction for the 
educational elements of the AGC guidelines. The first is to include 
the element in an undergraduate program. This Is the AGC recom- 
mendation for the elemeiits listed in the guidelines. However, some 
elements may be appropriate for other forms of instructioni work 
experience; specialised short courses, non-degree courses and 
seminars; or graduate level courses leading to an advanced degree. 
The respondents were given the opportunity to indicate their choice 

es 



TABLE Xffl 



CHI-SQUAEE TES,T OF SIGNIFICANCE FOR ACADEMIC EDUCATION AND LEVEL OF 

CUREICULAR ELEMENT IMPORTANCE 
CONTROL VARmBLE: LENGTH OF CONSTRUCTION EXPERIENCE SUMMARY 
OF ELEMENTS EXCEEDING Tiffi CmTICAL VALUE OF CHI SQUARE 



1 -8 Yeare 
Eiigr Const 
N=9 Ns27 CM 
Number Element Mean Mean Square 



11 


F 

Construction Safety 


1.111 


2.000 


11.822 


1.555' 


1.888 


4.548 


32 


tosurance and Bonding 


LOOO 


1.852 


4.606 


.888 


1,888 


- 8.214 


34 


Geology 


Eaii 


.777 


15,888 


1.888 


1.111 


4,837 


39 


Computer Programming 


1,444 


1,074 


2.977 


1.222 


1.666 


7.846 


41 


Algebra 


2,222 


2.185 


.385 


2,555 


2.333 


9,400 


42 


Trigonometry 


2.333 


2.185 


1,548 


2,611 


2.111 


11.892 


56 


Engineering Surveying 


2,555 


1,740 


6,013 


2,555 


1.666 


8, 346 


58 


Engmeering Economici 


1.777 


1.185 


7.931 


1,666 


1,444 


2.163 


60 


Iflghway Engineering 


1.555 


.963 


9.407 


1,166 


1.111 


1.154 



H =7.82 Significance Level 0. 05 with 3 degreei of friedom, 
o2 



9 ^30 YearB 
Engr Const 
N=18 N=? Chi 
Mean Mean Square 
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of an alternative source of instruction for each element, if the 
decision was made that the element was important for employment In 
construction but not appropriate for an undergraduate degree 
program. 

Work Experien ce 

Prior to the development of baccalaureate level construction 
education programii the college graduate entering construction 
abovr 'Se trades level learned the business of construction »*on-*the- 
job,'» Even now, students in conotruction programs are strongly 
urged to obtain work experience in construction before graduating 
to Improve the transition from theory to the practical* 

With awareness of the strong attitude of Industry eoncerning 
work experlencei the Intent of the research was to investigate per- 
ceptions of experienced constructora toward elements of an under- 
graduate construction curricula as they relate to Instruction through 
work experience. 

Elements indicated by respondents as appropriate for instruc- 
tion through work experience are Included in Table XIV, With two 
exceptions, all elements included in the table are directly relatfed to 
construction project operations and organisation and management of 
the construction company* The two exceptions are Element 17, 
Systems Analysis and Operations Research, and Element 29, 
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TABLE XIV 

WORK EXPERffiNCE AS AN ALTERNATE SOURCE OF 
mSTRUCTION RANKED BY FREQUENCY OF RESPONSE 







Total 


Frequency' 


% of 


^Number 


Element Frequency 


Ensra 


Consti 




7 


Contractor Organization 


19 


12 


7 


30. 16 




and Opt ration 










Q 
o 


Project Organization and 




1 1 


s 

Q 


30. 16 




Operation 










6 


Bidding Procediirea 


1 


9 


6' 


23. 80 


16 


Electrical^ Mecnanicai, 


1 J 


5 


D 


20. 63 




Plumbing Systemsi 












Eitlmating, Coordina- 












tion 










1 n 


Construction Equipment 


11 


8 


3 


17.46 


1 1 


Conitruction Safety 


10 


8 


2 


15. 87 


14 


Cost Control and Analysis 


10 


8 


2 


15. 87 


18 


Construction Coit 


10 


6 


4 


15. 87 




Accounting 










3 


Construction Contracts 


9 


6 


3 




2 


fiisurance and Bonding 


8 


3 


0 


12* 69 


1 . 


Orientation fiito Construc- 


7 


3 


4 


11> 11 




tion 










1 d 


Project Scheduling and 


7 






11.11 




Control 










9 


Building Materials . 


6 


3 


3 


9. 50 


15 


Electrical Mechanical, 


6 


5 


1 


9. 50 




Plimibing Theory and 
Design 










17 


Systems Analysis and 


6 


2 


4 


9.50 




Operations Research 










25 


Labor Relations 


6 


4 


2 


9. 50 


4 


Cost Estimating 


5 


4 


1 


7.93 


57 


Earthwork Surveying 


5 


4 


1 


7.93 
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TABLE XIV (Continued) 
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Numb 


Total 

Element Frequency 


Fre 
Engr. 


queney 
Const, 


% of 
Total 


13 


Construction Economics 


4 


2 






30 


Building Codes 


4 


2 


2 


6. 35 


55 


Construction Surveying 


4 


2 


2 


6. 


, 67 


Professional Ethics 


4 


2 


2 


6. 35 

W« is? iai? 


2 


Specifications and 
Drawings 


3 


3 


0 


4.76 


5 


Quantity Takeoff 


3 


2 


1 


4* 76 


23 


Personnel Management 


3 


3 




4 76 


27 


Construction Contract Law 


3 


0 


3 


4 76 


29 


Fundamentals of Real 
Estate 


3 


2 


1 


4. 76 


51 


Soil Mechanics 


3 


1 

4 


2 


fO 


56 ' 


Engineering Surveying 


3 


2 


1 


4 76 


60 


Highway Engineering 


3 


2 


1 


4 76 


24 


Labor Law 


2 


2 




^ 1 ^ 
3> 1 f 


28 


Fundamentals of Organi- 
zation and Management 


2 


2 


0 


3, 17 


52 


Hydraulics, Water, Sewage 


2 


2 


0 


3. 17 


58 


'Engineering Economics 


2 


2 


0 ' 


3. 17 


66 


Technical Report Writing 


2 


2 


0 


3. 17 



Total Response 222 145 
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^Percentage of total respondents. 
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Fundamentals of Real Estate, neither ol which are typically obtained 

through work experience. 

The engineering educated respondent strongly influenced the 
frequency of reBponse on the 33 elements listed in the table. With a 
total reiponse of 222 for the 33 elements, 65. 3 percent were made 
by engineering educated persons. No elements listed with a fre- 
quency greater than 7 has a mean above 2.00 for level of 'importance, 
with most of the elements ranked at the moderate level of importance 
(mean approximately leis than 1. 50). 

Non -Degree Special Courses 

Available to construction personnel, particularly in metro- . 
politan areas, are seminars and short courses on construction 
procedures and management techniques. These courses are 
generally non-credit and Induitry-sponsored. In addition, colleges 
and universities typically have special student classifications under 
which regular college classes are available to non-degree seeking 
persons. 

The intent of this Investigation was to determine if the above 
^ sources of instruction offer a viable alternative for instructional 
filements which are not as Important to an undergraduate program, 
but still Important for success of an Individual in construction. 
Listed In Table XV are 33 elements recommended by respondents as 
appr.-.prlate for seminars, short courses, or non-degree credit 



59 



TABLE XV 

NON-DEGREE SPECUL COURSES 
RANT<ED BY FREQUENCY OF RESPONSE 



Number Element Ft.«nn«Tir.„* 



Frequency* % of Total 



22 


Iniurance and Bonding 


6 


23 


Personnel Management 


6 


24 


Labor Law 


6 


27 


Conitruction Contract Law 


6 


34 


Geology 


6 


IS 


Electrical, Mechanical, Plumbing 


5 



29 Fundamentalo of Real Estate 15 23.8 

28 Fundamentals of Organization 9 J 4. 28 

and Management 

33 Chemisfry 3 12,69 

40 Computer Data Processing 8 12,69 

25 Labor Relations 7 Ij.ll 

17 Systems Analysis and Operations 6 9.52 
Research 

9. 52 
9.52 
9.52 
9.52 
9. 52 
7.93 



26 


Business Law 


5 


7.93 


39 


Computer Programming 


5 


7.93 


59 


AdvancL'd Structural Design 


5 


7.93 


60 


Highway Engineering 


5 


7.93 


18 


Construction Cost Accounting 


4 


. 6.43 


21 


Finance 


4 


6.34 


38 


Statistics 1 Business 


4 


6.34 


62 


Humanities: Literature and Fine 


4 


6.34 




Arts 




64 


Logic 


4 


6.34 


11 


Construction Safety 


3 


4.76 
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TABLE XY (Continued) 



Number 



Element Frequency* % of Total 



16 Electrical, Mechanical, 
Plumbing Syitemsi 
Estimating, Coordination 

19 Principles of Economics 

20 Principles of Accounting 
30 Building Codes 

32 Engineering Hiysics 

45 Differential Equations 

52 Hydraulics, Water, Sewage 

63 Philosophy 



68 Sot-ial Science: 
Government 



69 Psychology 

71 Directed Electives 



3 4.76 

3 4,76 

3 4^76 

3 4.76 

3 4.76 

3 4.76 

3 4.76 

3 4.76 



History and 3 *t'76 



3 4.76 
3 4 



* Frequency less than 3 reported in Appendix 
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coursei. Twenty -four elaments which had a responie of two or lass 
are not included in the table, but are included in the total data in 
Appendix G, Frequency of Response for Alternate Sources of Element 
Instruction. 

The real estate element which ranked lowesi in level of im- 
portance by respondents, received the highest number of respona©s 
in this category. Approximately 24 percent of the respondents 
indicated real estate should be obtained from special courses and 
not from an undergraduate construction program^ 

Fourteen percent of the respondents recommended Instruction 
in Element 2d, Fundamentals of Organization and Management, be 
obtained through non-degreei courses* This element ranked In the 
upper 50 percent of elements in level of importance. Of the remain- 
ing elements in the table, 40 percent were ranked in the lower half 
of the rank order of elements* Fifteen of the 33 elements listed, or 
24 percent of the total list of (elements, could be obtained from a 
typical college of business offering of courses. 

Graduate Level Courses 

The original guidelines developea by the AGC education com- 
mittee did not include recommendations for course work beyond the 
baccalaureate degree* Construction personnel seeking graduate 
courses looked to 'inglneerina or business administration. Only in 
the past five to seven years have construction graduate programs 
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become available and then only on a limited scale. Twenty-four 
percent of the study participants had taken graduate courses, with 
eight percent of respondents having received a masters degree in 
business* 

The intent o£ this segment ol the study was to determine which 
elements, if any, respondents perceived as appropriate to graduate 
level work as opposed to undergraduate course work. Included In 
Table XVI are elements with a frequency greater than two, with the 
total response to this category reported in Aprendix G, "Frequency 
of Response for Alternative Sources of Element Instruction. " 

TABLE XVI 

GRADUATE LEVEL COURSES BY FREQUENCY OF 

RESPONSE 



Percxint 



Number 



Elementi Frequency of Total 



59 Advanced Structural Design 

17 Systems Anar. si^ Operations 
Research 

E 1 Finance 

58 Engineering Economics 

27 Construction Contract Law 

3 Construction Contracts 

24 Labor Law 



16 25.4 

14 22,2 

5 7.9 

5 7,9 

4 6.3 

3 4.7 

3 4.7 



^Frequency ol less than 3 reported in Appendbc G, 
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Out of 71 elements, respondents recommended only two 
elements with a relatively high frequency* Element gf , ''Advanced 
Structural Design^' wap recommended by 25 percent of the respon- 
dents, and '22 percent of the respondents recommended Elemeiit 17, 
"Systems Analysis and Operations Research,'' Each element is 
typically available at the graduate level assuming prerequisite 
baccalaureate degrees, in this case engineering and business, 
The frequency of the remaining elements in the table is relatively 
low; however, all elements listed are appropriate to the graduate 
level. Forty-three percent of total elements had a frequency of one 
or two, indicating some interest on the part of respondents but 
considered insignificant response by the investigator. 

Recommended N ew Elements 

The original construction curricular guidelines dlL&ributed by 
the AGC education committee in 1967 have not been modified, hence | 
the request for respondents to recommend new elements pertinent to 
pr-esent -day construction needs. New element recommendations are 
reported in Table XVII in the wording used by the respondent. Also 
included in the data are the educational degree background of the 
respondent recommending the element. While 29 different elements 
are listed, only three elements ware recommended by more than one 
refpondent. Three respondents recommended lejtter writing and 
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TABLE XVII 



RECOMMENDED NEW ELEMENTS 
UNDERGRADUATE CONSTRUCTION PI 



SECTION If Conitruction arid Managemant 



Industrial Const-ifuction ^ 
Mimng Construction 

Plans and Specs: Mechanical and Electrical 

Building Layout i Detailed 

Lump Sum ox Parameter Estimating 

Construction Contract Negotiations 

Field Experience (Co-op Program) 

Field Systems Co-ordination 

Public Relations 

fiiternship in Selected Field 

Construction Management Procedures 
(Assumed to be the contract system 
known as "CM") 

Conceptual Estimating 

Heavy and Highway Construction and 
Equipment 

Heavy and Highway Take-off and Estimating 

SECTION II: Basic Sciences and Engineering 

Basic Fundamentals of Water, Sewage 
Treatment 

Ground Water 

Fundamentals of Concrete 

Graphics Perception and Analysis 

Environmental taipact V£ Construction 



C I 

C 1 

C 1 

C 1 

C 1 

E 1 

C 1 

C 1 

C 1 

C 1 

C 1 

E 1 

B 1 

E 2 

C 1 

E 1 



New Elements 



Academic 

Background Frequency 



Elements 
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TABIM 3CVI1 (Continued) 



New Elements 



Academic 
Background Frequency 



Production 

Types of Forming Systems 
Cost Evaluation 
Photography 
Basic Shop Courses 

SECTION nil Socio -Humani Stic Studies 

Human Relation: Motivational Techniques 
Written Communications 
Letter Writing 

History of Engineering Works and Trends 
Urban Growth Theory ' 

Total 



C 
C 
E 
C 

c 



c 
c 
c 

E 

c 



2 
1 
3 
1 
1 

30 



Letter designation (C) indicates consiructlon -educated 
respondent. 

Letter designation (E) indicates engineering -educated 
respondent. 



66 

fundamentals of concrete and human relations we« recommended by 

two respondents* 

Three of the recommended elements are concerned with 
specialised areas of constructlont industrial construction, mining, 
and heavy=highway construction. The cor :;ract system known as 
-construction managemenf which is an innovation of very recent 
years, was recommended by only one ai the 63 respondents as a new 
element. Construction educated respondents recommended 76 
percent of the elements listed. 

Elements Not Needed 

While given the opportunity to eliminate elements from the 
construction curricular guidelines as totally unimportant to a con = 
Btruction curriculum, respondents indicated little interest in doing 

so. 

Elements with a frequency of response greater than two are 
included in Table XVni. The total djta are reported in AppendiK Q. 
Response to this category was minimal, with only an approximate 
8 percent of respondents indicating any one element was not needed 
in an undergraduate program. All elements listed in Table XVIII are 
ranked in the lower half of the rank order list of elements. Con- 
struction educated respondents made 82 percent of responses, 
indicating a slightly stronger negative perception of the importance 
of the listed elements than the engineering educated respondents. 
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TABLE XVm 

SU^IMARY OF RESPONSES FOR ELEMENTS "NOT NEEDED"* 



Number Element Construction Kngineer Total % of Total 



29 


Raai state 




1 


5 




33 


Chemistiy 


4 


1 


c 

3 


7 Q3 


38 


Statistics: suiiness 


A 


1 


id 


7.93 


40 


uomputgr UatE Frocfiising 




0 

u 


5 


7.93 


44 


Calculus 


c 

D 


n 




7,93 


45 


DiEei'ential Equations 


A 

4 


1 

1 


e 


=! • 7 J 


63 




4 


i 




7^93 


31 


General Physics 


L 


2 


4 


6.34 
6.34 


39 


Computer Programming 


3 


1 


4 


59 


Advanced Structural Design 


3 




4 


6,34 


19 


Principles of Economics 


3 


0 


3 


4.76 


21 


Finance 


3 


0 


3 . 


4.76 


34 


Geology 


2 


1 


3 


4.76 
4.76 


37 


Degcriptive Geometry 


2 


1 


3 


46 


Statics and .Medianics 


3 


0 


3 


4.76 


64 


Logic 


3 


0 


3 


4.76 


65 


Social Science; History, Gnvernment 


2 


1 


3 


4,76 



Freqaaiicy less tiian 3 reported in Appendix , 
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Twelve o£ the 17 elements listed on the table are also Uated in Table 
XV, Non-Degree Special Courses, , 

Summary o f Alternate Sources of ItiBtruction 

A summary of responsei to all categories of alternate sources 
of element instruction including the category of "Elements Not Need" 
are reported in Table XIX. Elements reported are those which 
respondents determined were either not needed in an undergraduate 
program or should be obtained from some other source than an 
undergraduate program. Those elements with response i less than 
2 5 percent of the total possible are included in Appenduc G, Fre- 
quency of Response for Alternate Sources of Element Inatruction. 

Summary 

The purpose of this chapter was to present the analysis of data 
, related to perceptions of experienced constructors toward elements 
of an undergraduate construction curricular guide. 

To investigate perceptions of constructors, the means and 
standard deviation of responses were Cinmputed and rank ordered. 
Approximately four percent of the elements were perceived by 
respondents to be I'essential, " sixty-seven percent of the elements 
were Included in the "substantially important" leveli thirty -lour 
percent oi the elements were in the "moderately impoi-tairt" level. 
No elements were included at the "no" importauce level. 



TABLE XIX 



SUMMARY OF RESPONSES BY PERCENTAOES TO 
ALTERNATE SOURCES OF ELEMENT INSTRUCTION 
AND ELEMENTS NOT NEEDED 



Number 


Element 


Frequency 


% of Total* 


17 


Sy stems AnalysiB and 
Operationfl Research 


27 


43 


59 


Advanced Structural Design 


25 


40 


8 


Project Organization and 
OperationB 


20 


32 


7 


Contractor Organisation and 
Operations 


19 


30 


29 


FundamentalB of Real Estate 


18 


29 


22 


bsurance and Bonding 


17 


27 


18 


Construction Cost Accounting 


17 


27 


16 


Electrical, Mechanical, Plumbing 
Systems: Estimating, 
Coordination 


17 


27 



Percanfc of total respondents. 
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Hypothesii Ho^ concerning differences in academic background 
and perceptions of element importance was tested using T -tests of 
aignificancek The null hypotheiie was rejected on 22 of 71 elements. 
The 0-05 level of significance was used as a parameter to test the 
nuli hypothesis* 

Hypothesis Ho concerning academic background and percep- 
tions of element importance when controlled for experience was 
tested using Chi -Square test of Significance. The null hypothesis 
was rejected on 9 of 71 elements of the currlcular elements. The 
0.05 level of significance was used as a parameter to test the null 
hypoth "Sii, 

Three alternate sources of element instruction were investi- 
gated. The majority of elements recominended for work experience 
as an alternative source of in- -nctlon were related to construction 
management. Over 65 percent of the responses were made by 
engineering educated respondents, 

TWrty-three elements were recom^Asnded Jf sr seminars or 
ihort courses as a method of element instruction. The fraquency of 
response ranged from 24 percent of total respondents to lasi than 
four percent of respondents. 

Graduate level courses were recommended for only two 

elements at a relatively high level of response, v/lth an approximate 

I 

to 25 percent of total responses. The frequency for other 
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elements was less than with an average of approximately two 
response i. 

Respondents were asked to recommend new curricular 
elements. Twenty-nine different elements were listed; however, 
only one element Imd a frequency of 3, and two other elements had a 
frequency of 2. 

The maximum response to any one element in the category of 
^'Elements Not Needed^^ was 5, which occurred on seven elements* 
Twenty-four percent of the elements had a response of 3 or greater, 
with construction educated respondents making 82 percent of those 
re sponae s, 

A summary of responses to alternate sources of insfcruction 
and elements not needed indicated eight elements with greater than 
25 percent of respondents recommending the elements not be included 
in an undergraduate construction curriculum. 
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CHAPTER IV 



SIGNIFICANCE OF CONSTRUCTION 
CURRICULAR ELEMENTS 



Introduction 



The education committee of the Associaled General Contractors 
of America developed baccalaureate level construction curricular 
guidelines which were distributed in 1967. While some construction 
programs were granting degrees in conBtruction as early as 1935, 
the major growth of construction education at the baccalaureiite level 
did not occur until the mid-1 9 60' s. The AGC construction education 
guideline(s) has been the only nationally distributed recommendations 
for content of a construction curriculum. After nearly a decade of 
use by academic -industry advisory committees and construction 
faculty in the development of construction programs, the question 
persists as to the significance and desirability of elements contained 
in the guidelines. The purpose of this study was to investigate the 
perceptions of experienced constiuctors toward the importance of 
the AGC construction curricular elements. 
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The study involved three basic areas of concern; 

(a) Perceptions of element importance as perceived by 
experienced constructors. 

(b) Reiitionship of academic backgroiind and length of construc- 
tion experience to perceptions of imrortance of conatruction 
curriculs.r elements. 

(c) Sourcefl of element instruction other than an undergraduate 
conseructifin curriculum, 

Study Population 

The sample population consisted of flmployRes of confltruc ion 
firms that are members of the two AGC chapters in Colorado, Sixty- 
three constructors of the 125 originally f elected responded to the 
study questionnaire. Respondentf were employed primarily by gen- 
eral contractors doing commercial and heavy-highway construction. 
The raajority of respondents had rosponslbiUties in project manage- 
ment and estimating. The mean years of construction experience 
was 10, with a range ol 1 to 30 ye^rs. Construction education 
respondents had fewer than 14 ymr& «f experience, -Kh a mean of 
S years. Engineering educated c,,;.»rructors had a mean of 15 years 
of con'itruction e^rperlence. Tiie two primary educational back- 
•jrounds of respondents were in construction and engineering, with 
other degrees in architecture and business. 

Respondents with constructir-., education degrees tsitaled 27, 
re^jpondents with engineering degrees totaied 23. an^', r^-Mpr.'.-^encs 
with other degrees totaled 13. Five of tho rmnonAcata had received 
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a master's aegree in business and six of the respondents were regis- 
tered as engineers or architects. 

It is the opinion of the investigator that the respondents 
represent a cross section of construction company personnel below 
the executive level and with primary functions in field And project 

i 

management. 

Su mmary of Findings 

Constructor perceptions of importance of the curricular 
elements were summarized by the mean and standard deviation for 
each clement and then the elements rank ordered. Elements were 
classified into the four 'evels of element importance by equating: 
No Importance to 0; Moderate Importan s to 1; Substantial Impor- 
tanre to 2; and Essential to 3. Forty-foux- ptrcent of the elements 
were classified of substantial importance, and thirty -four percent 
of the elements were classified of mode ai i importance. Signifi- 
cantly, only three elements could be inciudad in the essential level 
and these were concerned with oral communications, aurveying, 
and drawings and specifications. No construction project wiil .jver be 
completed without these three elements, in contrast, no e'>i<ment8 
were claesifidd at the L weft level of no Importance. 

Project and field construction-.oi*iented elements - -th^t is, 
elements directed toward activities and the under sfAnvUngs oi field 
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construction operations --were ranked in the upper 30 percent of the 

total element 1- A second general grouping concerning overall 

company management and upper level decision making were rankeu 

I 

in the middle third of the element list. A third general grouping 
I'elating to advanced subject areas mvolving theory and greater 
abstract thinking were grouped in the lower third. The ranking of 
mathematical elementi was in the normaJ, aaquence of instruction, 
beginning with algebr,, ^hen to trig, analytical geometry, calculus, 
and finally, differeiitial eqaatluns. However, elements related to 
^Tngineering structures di^l not occur in a logical educational sequence. 
The prerequisites to basic structural design of statistics, mechanics, 
and calculus were all -anked lower in importance than the structural 
de-ign courses in pteel, concrete, a-id wood. Advanced structures 
elements v/ere ranked sulatantially lower than any other engineering 
element. 

The null hypothesis tested to determine, differences in percep- 
tions between engineering educated and construction educated ccn- 
structors tov.ard the curriculsr eleme-f-s was teated by T-test of 
significance, A significant difference was found on 35 percent of the 
elem^ints. Nine of thess elements were in the construction inanage - 
mem ai-*^a and 12 in the engineering, math, and ocience area. 

Further analysis of L ift iflfiurnce of scadej bar;k,'.»rottnd 
indicates that? 
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(a) For elementa from 1 to 30, relating to construction manage - 
msnt, conitruction educated respondents indicated a higher level of 
importance than did engineering educated respondents on 83 percent 

of the elements within this group. 

(b) For eltments from 31 to 61, relating to math, science, and 
engineering, engineering respondents indicated a^ higher level of 
importance than did construction educated respondents on 93 porcent 
of elementa within this group. 

(c) For elements from 61 to 71, relating to socio -humanistic 
studiee. engineering educated respondents indicated a higher level of 
importance than did construction educated respondents on 64 percent 
of elemen; f within this groups 

The null hype ".lesit f-ested to determine if a systemacic relation- 
ship existed between academic background and perceptions of 
eleinei*t importance when related to length of construction experi- 
ence was tested by chi-square test ol slgnificaJice. A significant 
ayatcms tic relationship was found to exist In only 9 of the 71 elements. 
There was no indication of a systematic relationship betwaen 
acaden ic background aid perceptions of element iniportance when 
iiUted to length of experience on 61 perccint of the elements. 

Alte' . ' S Sou" ,iiH Qj. Instruction 

The JdgheMt frequsnry of response to the threa alterr-.^^ aources 
of instt action was in the work^'sxpftrience category. EleunentB with 



tlifr luatest frequency wcru primarily related tu CQnatruchion project 
management. Thirty percent of the respondents indicated two 
elerientsi contractor organization and project organisation and 
operation, should be obtained through work experience. Twenty- 
four percent of tht^ respondents indicated bidding procedures should 
also be obtained by on-the-job experience. It is difficult, if not 
almost impossible, to duplicate the process of bidding a project in 
a classroom environmenK Engineering educated respondents rnade 
up 65 percent of the responses in this category. 

In the category of non-degree special courses, only one ele- 
ment had a sabstential response, with 24 percent d[ the respondents 
indicating real esiate should be obtained from non^degree courses, 
/approximately 50 percent of thv e}f-men_ts checked in thisi category 
are concerned with business and management, e. g. , law, economici, 
finance, and personnel management. Many of these elements are 
readily availe.ble from junior college programs and industry 
seminars. 

The use of graduate coui scs as alctrnate source of instruct 
tion was substantial fo^ only two elements. Twenty=five percent of 
Uio resf^ondents checked advanced structural design as appropriate 
for graduate level courses, and twenty-two percent of thr* respon« 
deiits indicated systems analysi^-^ and operation^j ahould be taken as 
a graduate course. The frequency of response to all other eiementi 
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for chis category ware very lo.. -ith finance and engineering 
economics receiving five responses each and construction contract 
law receiving lour reaponses, A frequency of fewer than three w.. 
recorded for 43 percent of the elements. 

To determine if new elements were dasirabU. respondents 
wer. requested to write in their recommendations lor Uements which 
,.ould seem pertinen. to present=day construction operations and 
appropriate to undergraduate construction curricula. Twenty-nine 
different elements were recommended. Letter writing was suggested 
by three respondents, which was the highest frequency of any new 
element recommendation. Construction educated respondents made 
76 percent of the recommendations for new elements. 

Respondents were given the opportunity to check elements 
which were perceived to be not needed in an undergraduate program. 
Eight percent of the respondents indicated that real estate, chemistr., 
data processing, calculus, differential equations and philosophy 
elements were not needed in undergraduate programs. A frequency 
of fewer than five was recorded for 47 percent of the element.. 

A summary of all responses to the categories of work experi^ 
ence, non-degree special courses, graduate l.vel courses and 
alements .ot needed, for each element is reflect.^n .f bow impor- 
tant respondents perceived th. element to be for undergraduate .on = 
struction curricula. Eight of the VI element, v^ere found to have 
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a range of 27 to 43 percent of the responderits indicating these ele- 
ments should be obtained from a iource of instraction other than ar 
undergraduate program. The elements are: 

7, Contractor Organization and Operations (30%) 

8. Froiect Organiasation and Operationo (32%) 
16, Electrical, Mechanical, Plumbing Systems i 

Estimating and Coordination (27%) 
17* Systems Analysis and Operations Research (43%) 
18. Construction Cost Accounting (i:7%) 
22# Insurance and Bonding (27%) 
29* Fundamentals of Real Estate (29%) 
59. Advanced Structural Design (40%) 

No element received sufficient negative response to exclude the 
element from the guidelines* 



Conclusions 



On the basis of the findings of th^-^ study, the following con- 
clusions are drawn in relation to the problem posed for the investl- 
gation! 

1. The elements ranking highest are those directly related 
to the responsibility of the respondent. Conversely, alemants 
relating to upper levels of managament are ranked lower in the list 
of elemen<:s. The apparent conclusion may be drawn that respondents 
fjund it difficult to look beyond their own particular jcb 
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responsibllifcLes in the construction process to dat.rmlfte the value 
of construction education elements which benefit the total construe- 
tion industry. 

2. The academic background of the respondent has a sigmfi- 
cant influence on Ms perceptions of the importanca of elements for 
a construction education undergraduate curiicalum. Raspondents 
related strongly to their own academic background in perceiving the 
importance of the elements^ and apparently not to the various functions 
of the total construction process. 

3. The length of construction experience does not appear to 
have a significant influence on the perceptions of constructors 
toward the level of importance of the construction curricular elements 

4. Work experience still retains a strong influence as an 
integral part of construction employment. The engineering educated 
respondent did not appear to .Wrongly support the cor^cept of construe^ 
tion education elements for an undergraduate construction curricu^ 
lum, instead recommending work experience as an alternative. The 
conclusion maybe drawn that classroom instruction for many 
aspects of construction technology and management has only partially 
been accepted by industry personnel. 

5. Special courses and graduate progr..ms. while strongly 
recommended for a very few elements, did not appear to oF-.e a 
viable alternative for the majority of elements. In a oimilar manner, 
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suggestions for new elements was minimal^ suggesting the existing 
original . '-li C construction curricular element list wac reiisonabiy 
complete. However, from the total response to the alternative 
sources of inst. ' - tion and elements nGt ne^.^JIedj the conclusion may 
be drawn that the following elements are sabstantially less important 
than all other undergraduate elements of the AGC construction edu- 
cation guidelines. Listed by element number, they a^ei 

7* Contractor Organization and Operations 

8. Project Organization and Operations 

16. ElectrfcH!^ Mechanical, Plumbing Systems! 
Es Limating, Coordination 

17p Systems Analysis and Operations Research 

18. Construction Cost Accounting 

22- Insurance and Bonding 

29* Fundamentals of Real Estate 

59. Advanced Structural Design 

6, From the relative level of importance indicated for the 
elements and abience of response to the altej.native scmrces of 
element instruction^ with the exception of elements listed abovej, 
the conclusion is drawn that tb ^ ' ^^i.nal element list ii as importa^nt 
and valid today as it was when developed in Che early l^bO^B^ 



Inferaiice 

The following statement may not be completely supported by 
the analysis of data but seems pertinent to the scope of this itudy, 
ThuBj the following inference is made: 

The educational backgroitnd of the respondent appaared to play 
a larger part in his perceptions of importance than did his experience 
or his understanding of the educational requirements of positions h 
higher than his own responsibilities. That is, what the rsspondent 
took in hii undergraduate program seemed more important than the 
actual educational background desirable to fulfill his immediate and 
long-range reiiponsibilities* 

Engineering respondents indicated a ralatively high level of 
importance to engineering subjects used bu:: ^^^ty little in the pro- 
cess of managing a construction project, yet downgraded insurance 
and bonding, which a construction company deals with on a week-to- 
week basis. Respondents downgraded elements concerned with the 
electrical and mechanical systems of the building, and yet, one of 
the more numerous complaints of contractor employers was that 
field personnel could not interpret or effectively understand the coor- 
dination of mechanical and electrical syitems during constructlont 

Recommendations for teiplementation and Further Study 

Based on the findings and conclusions of this study, the follow- 
ing recommendations are offeredi 

97 
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1. Based on the apparent influence of academic background on 
perceptions of constructors toward elements of a construction curri- 
culum, it is pecommended that members of a curriculum advisory 
be compriaed of members of differing educational backgrounds to 
give balance to their input into the deliberations of the construction 
advisory committee, 

2. Based on the perceptions indicated by respondents toward 
elements related to the construction management aspecto of overall 
construction company operations, which were ranked low in impor- 
tance or recommended for exclusion from the list of elements, and 
because many construction programs contain these elements, it is 
recommended that the study be replicated with a population drawn 
from the executive and upper level management peraona to determine 
if the perceptions of project personnel and company management are 
comparable, 

3. Respondents to this study placed an emphasis on elements 
related to construction which could be obtained through work experi- 
ence. The role and place of required construction internships and 
co-op programs prior to graduation should be studied. 

4. The study should be replicated with comparable population, 
except in different sections of the country through ^GC chapters to 
determine differences in pepeptions by virtue of gaographic 
location and custom of operations. Assuming the above study, a 
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similar Inveatigatioft should be attempted through the Aiiociatad 
Building Contractor Asiociation, a sister construction industry 
organisation with a different operational philosophy but which includes 
the same general categoriea of contractors as the AGC. 

5. The AGC member construction firm and its personnel are 
but a very small segment of the industry. The question needs to be 
asked: How different are the field and management personnel of the 
residential builder or the personnel that construct power plants or 
pipelines? Can the elements of this study be used with confldence in 
other segments of the constraction industry or should an entirely new 
list of elements be developed for each segment of construction? 

6. In light of the minority response to alternate sources of 
element instrurtion. the AGC education committee should consider 
additional guideline recommendations concerning the importance of 
work experience (co-op or internship) prior to graduation; the 
potential for specialized industry seminars (when available) as 
supplementary undergraduate instruction; and begin development of 
guidelines for construction education at the graduate level. 
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re Brick and Mortar; A Postscript 
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A purpose of this study was to gain a greater depth of under- 
standing of constructors in t^- fi-ld in order to continue development 
and improvement of exiP> ^ ^^-^ construction curricn^ 



a J sumption has been made by many educators, including the author, 
that a comprehensive coverage of construction oparationB and 
management was desirablj and, in fact, a necessity to understand 
the complex process of construction. 

This study disturbs that assumption and clearly indicates the 
necessity of further analysis of the educational needs of the construc- 
tion industry. The context of this study should be placed in a proper 
perspective. Even if the population of this study were in fact a true 
sample, it was a sample of only ono segment of a massive industry. 
The e^erience of the author has indicated that graduates of a progran 
essentialiy patterned after the AGC education guidelines are employed 
in every possible segment of the industry, and if responsibility and 
monetary rewards are any indication of succesa, these graduates 
have succeeded. The question that could be asked isi Was it the 
educational program that helped them to succeed or was it the 
individual who would have succeeded regardless of his degree back- 
ground? 

Construction education is an unfiniihed building compared to 
the historic structures of the academic world. At present, many 
persons are teaching In construction programs, but few persons are 
attempting to further the knowledge needed to develop construction 
education with academic stature. To the drM^^ree this study has 
developed some further under perception?= of 
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construction field and project personnel toward construction educa- 
tioii, a little more brick and mortar have been added to the academic 
structure of conitruction education. 
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APPENDIX A 

LIST OF PARTICIPATING FIRMS 
(Available from Author) 
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APPENDIX B 



INTRODUCTORY LETTERS TO CONSTRUCTION COMPANY 
PRESIDENTS AND POTENTIAL SURVEY PARTICIPANTS 

(Avanable from Author) 
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RESEARCH STUDY- AN .t NALYSB OF CONiTRUCTlON CURRICULA ELEKjENTS 
PART I: PERSONAL BACKGROUND DATA 

toetructionsi Ruspanses to this questionimire will be placed on 
computer cards* Pleaie read each itum and place the number of 
the meat apprrpriata responie in the box on the right hand side of 
the lorin* 

A. Prcient Emplo^e^ {&pell out) j | | | [ | ^ | | ^ j | j | j | , | 

B, Type of construction pci.'forrned by your cnmpany Primary typer ) " 

1. High rise reBidemial 6, Utility Sccoodary ty^e: | 11 

Commercial ?, Industrial 

Institutional 8. CommerciaUUtility 



4, Heavy-mghway 9. Commercial-toduittrial 

5* Highway IQ, (Other 



) 



C. Title which bast describes your current posits. ^n Priinary titlei j j | 

1, Field engineer 6. Scheduler Secondary title i | I I 

Z, Assistant Superintendent 7, Cost Control ' ' — ^ 

Project Engineer 8. Project Manager 

4. Superintendent 9, Office Manager 

5, Estiinator 10, {^her ) 

Di YvxTs of work es^erience in current poeih on* 

(If less than one year, indicate one) Years? [_J_ J 

E, Total years of construction work experience after 

graduatiD^i Yaars^ | | J 

F * todicate year of graduation from undergraduata degree 

program: Year: j [ | | ) 

Op Indicate undergraduate degree program in which you 

received your degretn Degree? [ j j 

1. Architecture - 4 year 8, Engineering ^ Electrical 

2* A-chltecture ^ 5 year 9, Engineering - Mechanical 

3. Business iq. Science 

4. Construction - Building n. Social Science 

5. Cons'jriiction - Engineering 12. Humanitias 

6. Construction - Management 13. (Other ) 

7. Engineering ^ Civil ~ " 

K* i rom what institution did you receive your degree: 

(Abbreviate as necessary) | [ [ [ | [ j j j | j j 

L Have you taken courses at the gradu^V.e level: Yes ( j No [ j 

J. If you have a graduate degree, ir.dicate type? MBA LjMEd (_Jr^D (_J 

Have you taken continuing education coursefli Ymm ^ [ No j j 

L. Are you a registaradi Architect [ | [ Professional Engineer | | [ 

yes no yaa no 
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IKS TRtJC IIONS i On the LEFT of tne listed eUnients, indicate the level of iniportant n 
that you attai^h to each element as it relates to mclusioij in an ^dcrg^rad ii ate ccsietruction 
curricula. (Mark only one square before each elenient* ) 

If you do NOT feel fte iBlement is appropriate for an undergraduate curricula, indicate 

the squares on the RIGHT where instruction in Uas clement could or should be obtained. 
If the element is not needed at all^ use tiic extreme right hand coluninp 



No Importance 

Moderate 
Importance 

Subitan^la.s 
top ortance 



Perception of Element 
Importance to Under- 
Graduate Program 



Alternate Source 
of Element 
instruction 



Essential 

□ □ □ 



V ^ ¥ 



ELEMENTS 



PART Ut CONSTRUCTION AND MANAGEMENT ELEMENTS 



Worls Experience 

Non -degree 
Special Courses 

Graduate 
Program 

Not 
^Needed 

□ □ □ n 



□ 


□ 


□ 


□ 


L 


OrientatiOT into construction ^ . 


a 




n 


n 


□ 


□ 


□ 


□ 


2. 


Specificatiois and drawings ^ , 


n 


□ 


n. 


a 


□ 


0 




□ 


J* 


Ccnstruction contracts 


□ 


□ 


□ 




□ 


a 


□ 


□ 


4, 


Cost estimating , 




□ 


□ 


□ 


□ 


a 


□ 


□ 


5, 


Quantity takeoff 


□ 




□ 


□ 


□ 


D 


□ 


□ 


6. 


Bidding procedures * , » 


□ 


□ 


□ 


□ 


□ 


a 


□ 


□ 


7. 


Contractor organization and aerations , • , « 


□ 


a 


□ 


a 




a 


□ 


□ 


8. 


Project orgawiization and '^era^kions , , • , , 


□ 


□ 


D 


□ 


□ 


a 


□ 


□ 


9, 


Building materials » > * 


□ 


□ 


□ 




□ 


□ 




0 


10. 


C^struction equipment 


□ 


□ 


□ 


□ 


□ 


o 


□ 


0 


11, 


Construction safety ^ . 


□ 


□ 




□ 


□ 


a 




□ 


IE. 


Project schaduling and control 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


0 


13, 


Construction economics ,,•»....«.• 


□ 


□ 


□ 




□ 


□ 


□ 


□ 


14, 


Cost control and analysis 


□ 




□ 


□ 


□ 


□ 


□ 


□ 


IS, 


Elactris^lf mechanical, plumbing Uiaory and 
d€Bi[.n i p . ^ 


□ 


□ 




□ 


□ 


□ 


□ 


□ 


16, 


Electrical^ mach^ical^ plumbing syst^^msi 
astimatingf coor ^nation 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


17- 


Systems analysi i and operations research , , 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


18, 


C^structioii cost accoymUng , , , , 


□ 


□ 


□ 


□ 


□ 




□ 


□ 


19. 


Principlts of economic? » 




□ 


□ 


□ 


□ 


□ 


□ 


□ 


20. 


Principlai of accoimting • . , , « 


□ 


□ 


D 


□ 




□ 


□ 


□ 


21. 


Financa ^ 


□ 


□ 


D 


□ 
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□ 


□ 


a 


□ 


22, 


fepuraace and bonding (cQnotructiOT) 


□ 


0 


□ 




□ 


□ 


□ 


□ 


23. 


Pafs^mel management , 


□ 


□ 


□ 


□ 


□ 




□ 


□ 


24* 


Labor law - ^ ^ ^ . 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


o 


2S. 


Labor relatLons 


□ 


0 


□ 


□ 


□ 


□ 


□ 




26. 


Baiiness liw . . , . , ^ ^ * * 


□ 


□ 




□ 


□ 


□ 


□ 


□ 


27. 


C^nstoaction cgntract law 


□ 


□ 


□ 




□ 


□ 


r: 


□ 


28. 


Fwoadamantali of organizafcLon and management 


□ 


o 


□ 


□ 


□ 


□ 


□ 


□ 


29. 


Fundamantals of real estate . * 


□ 


c 


□ 


o 


□ 


u 


□ 


a 


30. 


Building codes , . . ^ , 

List additional ESSENTIAL elements 


□ 


□ 


□ 


n 








□ 


31. 




□ 


□ 


D 










□ 


32* 




□ 


□ 


□ 










D 


33, 




□ 


□ 


□ 










□ 


34. 




□ 


□ 


□ 





PART iCi BASIC SCIENCES AND ENGINEERING; BASIC AND APPLIED 



□ 


□ 


□ 


□ 


L 


General physics ^ 




□ 


a 


□ 


□ 




□ 






Engineering physics ^ 


□ 




□ 


□ 


o 


□ 


o 


□ 


3. 


Cheniistry *»***,..,,.,.,,,, 


□ 


□ 


□ 


□ 


p 


□ 


D 


□ 


4. 


Geology 


□ 


□ 


□ 


□ 


D 


□ 


□ 


□ 


5. 


OrapMcs; Mechanical . , , 




□ 


□ 


□ 


□ 


□ 


□ 




6. 


OrapMcfl: Architacftiral , ^ . 


□ 


□ 


□ 


□ 


C 


□ 


□ 


□ 


7. 


Descriptive Geometry 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


8, 


Stadsticsi Business 


□ 


□ 




□ 


□ 


□ 


D 


□ 


9. 


Computer programming . . , „ , . 


□ 


D 


□ 


□ 


□ 


□ 


□ 


□ 


10. 


Computer data procesfiing , 




□ 


□ 


□ 


□ 


□ 


□ 


□ 


11. 


Algebra , , , , , , 


□ 


0 


□ 


□ 


□ 


□ 


□ 


□ 


12. 


Trigofiometry , . , , 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


13. 


Analyttc Geometry 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


14, 


Calculus 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


15, 


Differential Equations . • , . , 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


16. 


Statistics and mechanics 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


17, 


Mechanics of materials , , 


□ 




□ 


□ 


□ 


□ 


a 


□ 


18, 


Properties of construction materials , , , , 


□ 


□ 


□ 


□ 


□ 


□ 


a 


□ 


19. 


FundarAentals of structural desipi • , , , , 


□ 


□ 


□ 


□ 




□ 


D 


□ 


20, 


StTUcfeural da sign i wood, concrete, st^al • 




a 


□ 


□ 



los 



/ 



a 


□ 


□ 


□ 


21, 


^nil mcchamrs ..*».,.•••■•••«»• 


0 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


22. 


Hydrauiica» water, sewage 


a 


□ 


□ 


□ 


□ 


O 


□ 


□ 


23, 


Foimdatian ongineermg 


□ 


□ 


□ 


n 


□ 


□ 


□ 


□ 


E4« 


Concjfeta form deiign 




□ 




n 


□ 


□ 


□ 


□ 


25. 


Constructicn aurveyuig 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


E6. 


Enginaering surveying 




□ 




n 


□ 


□ 


□ 


□ 


27. 




□ 


□ 


□ 


n 


□ 




□ 


□ 


ES. 


Engineering economics 




□ 


□ 


□ 


□ 


□ 




□ 


29. 


Advanced etructurai deiign 


□ 


□ 




□ 


□ 


□ 


□ 




30* 


High^iray engineering 


□ 


□ 


□ 


□ 












List additional ESSENTIAL elements 
















□ 


31. 




□ 


□ 


□ 










□ 


32. 




□ 


□ 


□ 










□ 


33. 




□ 


□ 


□ 










□ 


34. 




□ 


□ 


□ 




PART 


IV: 


SOCIO 


-HUMANISTIC STUDIES 










□ 


□ 


□ 


D 


1. 


English composition , * . . 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


0 




Humanitien literature and fine arts * . * . . 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


3. 


Philoaophy ^ .... . 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


4. 


Logic 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


i. 


Oral comLmiuiicatiQns 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


6, 


Technical report writing , , . . . 


□ 


□ 


□ 


□ 


□ 




□ 


□ 


7. 


Professional ethics .,,*.......** 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


8* 


Social Sciancei history, government 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


9. 


Psychology ^ . 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


10, 


Undirected elecMve courias (your ewn choice) 


□ 


□ 


□ 


□ 


□ 




□ 


□ 


11. 


Directed elective courses offering aUernative 




















or advanced courses in a nnajor area 


□ 


□ 


□ 


□ 












List additimal ESSENTL^L elements 
















□ 


12. 




□ 


□ 


□ 










□ 


13. 




□ 


□ 


□ 
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YEARS OF CONSTRUCTION WORK EXPERIENCE 
SINCE GRADUATION 



110 



99 



APPENDIX D 



YEARS or CONSTRUCTION WORK EXPERIENCE 
SINCE GRADUATION 



Years 


Frequency 


Percent 


Years 


Frequency 


Percent 


1 


3 




4.8 


16 


0 


0 


2 


4 


6. 3 


17 


2 


3* 2 


3 


5 


7.9 


18 


2 


3« Z 


4 


7 


U.l 


19 


1 


1 L 


5 


5 


7.9 


20 


2 


J* c 


6 


4 


6. 3 


21 


0 


u 


7 


7 


11. 1 


22 


1 




8 


1 


1. 6 


23 


2 




Q 

7 


1 


1.6 


24 


2 


3.2 


10 


4 


6.3 


25 


1 


1.6 


n 


1 


1.6 


26 


1 


1.6 


12 


2 


3. 2 


27 


0 


0 


13 


1 


1. 6 


28 


0 


0 


14 


2 


3. 2 


29 


0 


0 


IS 


0 


0 


30 


2 


3. 2 



Mean 10. 174 years 
Std. Dev. 7.99 years 
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YEARS OF WORK EXPERIENCE IN 
CURRENT POSITION 
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YEARS OF WORK EXPERIENCE IN 
CURRENT POSITION 



Mean 4.9365 yeari 
Std. Dev. 5.95 years 





Frequency 


Percent 


" ■ 1 


17 


27 


E 


13 


EO, 6 


3 


10 


15# 9 


4 


4 


J 


5 


3 


Q 


6 


4 


3* 2 


7 


z 




8 


1 


1.6 


9 


2 


3.Z 


10 


2 


3.2 


12-16 


3 




20-30 


4 






Total 63 
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RANK ORDER OF CONSTRUCTION 
CURRICULAR ELEMENTS 
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FREQUENCY DISTRIBUTION OF RESPONDENT'S PERCEPTIONS 
OF LEVEL OF U^PORTANCE BY ELEKffiNTS 



Level of toiportance 



6 .7k 



•1^ 

4J 




ERIC 



M (( g 

No, Element g S I ^ ^^^^ 

'CONSTRUCTION k MANAGEMENT ELEMENTS 



1. 


Orientation into Conitruction 


8 


10 


22 


23 


L952 


L022 




Specifications k Drawings 


1 


7 


9 


46 


a.S87 


,754 


3, 


Cdiistriiction contracts 


7 


8 


M 


28 


2*095 


1.011 


4. 


Cost estimating 


Z 


9 


24 


28 


2.238 


.817 


5. 


Quantity takeoff 


I 


8 


22 


31 


2.301 


.815 


6. 


Bidding procedures 


13 


U 


21 


13 


1J39 


1.044 


7, 


Contractor organisation k 
opifitions 


15 


21 


15 


IE 


1.380 


1,053 


8. 


Project ofganization k 
operations 


17 


12 


18 


16 


1J23 


L148 


9. 


BuildiAg materials 


2 


20 


28 


13 


L825 


.793 


10, 


Construction equipment 


a 


23 


10 


12 


1.571 


,945 



Level of Importance 



i I I 

S ^ U3 



10 13 26 

4 6 22 

5 15 19 
8 12 18 



11 29 14 9 1.333 .933 



n 










M, 


0 

89 


Mean 


Dev. 








31 


2.269 


.883 


24 


1.984 


.975 


2§ 


1.952 


1,053 



13 24 17 9 1.349 .9^9 



30 


21 


12 


0 


.714 


.771 


16 


16 


16 


15 


1,476 ,. 


1.119 


10 


31 


14 


8 


1.317 


.894 


8 


25 


23 


"7 


1.460 


.858 


14 


31 


11 


7 


1.174 


.907 


IS 


19 


18 


11 


1,396 


1.040 



Level of Importanci 



No. 


Element 




V 

n! 
N 

V 

•0 

0 

1 


(9 

s 
i 


H 

Id 
a 


Mean 


Std, 
Dev. 


23, 


Personnel management 


10 


14 


El 


18 


1.746 


1.046 


24. 
25. 


Labor law 
Labor relatinng 


10 
13 


21 . 
14 


23 
23 


9 

13 


1.492 
1.571 


.931 
1.042 


26. 


Business law 


7 


15 


29 


12 


1,730 


.901 


27. 


Consferuction contract law 


11 


6 


26 


20 


1.873 


1.054 


28. 


Fundamentals of organizatim 
















It management 


10 


13 


19 


21 


1,809 


1,075 


29. 


Fundamentals of real estate 


26 


32 


4 


1 


1 682 


, bbl 






7 


20 












IC SCIENCES k ENGINEERING 


I BASIC Ic APPLE 


ED 








31. 


General physics 


10 


20 


21 


12 


L555 


.980 


62. 


Engineering physics 


8 


18 


19 


18 


1.746 


l.Ol'S 


33. 


diimistry 


21 


31 


7 


4 


.904 


.836 


34. 


Geology 


14 


U 


11 


It 


1.333 


1.031 


3i. 


Graphics! Mechanieil 


6 


17 


U 


15 


1.777 


.923 



ill 



ERIC 



Level of ImpQftance 



t 



Element 



Q 

% 



. Graphics: Architeetural 5 

, Descriptive geoznetry 6 

I Statistics! Busineis 13 

. Computer programming 12 

t Computer data processing 16 

. j^lgebra 3 

• Trigonometry 3 

, Analytic geomitry 5 

. Calculus 1 1 

t Differential equations 24 

i Statics k mediiaics 7 

« Mechanics of materials t 

, Properties of construction 

materials 1 

, f undimentals of structural 

design 6 



id 

0 



10 
19 
32 
28 
30 
10 
8 

16 

ao 

18 

u 

10 
10 
24 



ipl 


H 
(S 

fi 

a 


* 

Mean 


Dev. 


^0 


Lq 




51 K 




15 


ii 714 




1 K 


5 


li IZo 




1 Q 




1 5E ^ 


iOOU 




A 


1 

If 079 


i04o 


14 
14 


JD 


£i 31 / 


Ql 5 


12 


J4 


9 117 


■ QlO 


51 


51 






OA 


1 5 


li5£3 


1997 


18 


3 


LOGO 


.933 


20 




2,000 


1.016 




%] 

ji 




i 640 


19 


23 


2.333 


.803 


33 


0 


2.428 


.665 
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Levsl of teportanci 



No. Element 


9 

W 

Z 


k 
0 


r4 

A 

S 

n 


H 
IB 

4i 
ti 

a 

■I 

M 


Mean 


Std> 
Dev. 


iOi Structural designi Woodj 
concfeti, itetl 


1 


10 


El 


31 


4i iOl 


,795 




3 


13 


jl 


io 


li 73^ 


• oil 


5Ei Hydraulics, water, lewage 


u 


^1 


IS 


a 
0 


1 LAA 




3ji f oiiD.uAtion engineering 


i 


1 0 






1 Q5n 

li 7£U 


. 5^6 


54t Concrete form design 


I 


7 


27 


11 




.7b0 


55» Coniferuction surveying 


1 




If 


to 


9 AAA 
L% Quo 




5b. Mgrneering surveying 


4 


13 


20 


'ik 


/it U77 


1^30 


S7i EartiiwQrk surveying 


3 


11 


T A 


29 


4i I7U 


.095 


58, Ingineering aconomics 


8 


27 


20 


8 


L444 


.871 


59. Advanced structural deiign 


30 " 


33 


8 


F 

2 


.714 


.811 


60. ffifhway en|ineering 


14 


31 


14 


4 


1.1E6 


,832 


aOCrO-HUMANBTIC STUDIES 
61. En|ligh composition 


t 


9 


2S 


37 


tail 


.812 
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i 



Level of faportance 













(9 

in 
W 






No. 


Element 


ft 

m 

0 


U 
^ 

0 

1 


s 

i 


Mean 


Std, 
Dev. 


62, 


Huniamtiagi Literature k 
















fine arts 


12 


39 


10 


2 


1,031 


.694 


63. 


Philosophy 


E4 


27 ■ 


11 


1 


.825 


.777 


64, 


Logic 


9 


16 


22 


15 


1.698 


.994 


65, 


Oral communicationi 


1 


4 


15 


43 


2,587 


.687 


66. 
67. 


Technical report writing 
Profeisional ethics 


4 

7 


13 

15 


21 
22 


25 . 
19 


2.063 
1,841 


.931 
.987 


68. 


Social 8cie.nce; history, 
govsfnment 


13 


31 


13 


6 


1.190 


.877 


69, 


Psydiology 


11 


23 


21 


8 


1.412 


,926 


70. 


Undirected elective courias 


11 


22 


11 


19 


1.603 


1,100 


71, 


Kfictid elective coursei 
offering alternative or 
advanced courgeg in a 
















major area 


7 


21 


18 


17 


1.714 


.990 
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FREQUENCY OF RESPONSE FOR ALTERNATE 
SOURCES OF INSTRUCTION 



APPENDIX G 

FREQIENCY OF RESPONSE FOR ALTERNATE SOURCES OF ELEMENT INSTRUCTIOK 



' ' Work Non ^Degree Graduate Not Row 

Number Elements Experience Special Course Program Niedsd Totals 



1 


wricnEaEiun iiiw yonscriicuon 


7 

I 


L 


U 


1 


1 A 

JU 


, 1 


SpeciEcationi and Drawings 


3 


0 


0 


0 


3 


3 


Construction Cpntracta 


9 


0 


3 


0 


12 


4 


Cost Egtimating 


5 


1 


0 


0 


6 


S 


Quantity Takeoff 




1 


0 


0 


4 


6 


Bidding Procedurei 


15 


0 


0 


0 


15 


7 


Contractor Organisation and 

UptfBXlOuB 


1 Q 


0 


A 
U 


A 

0 


1 Q 


Q 
0 




IS 


ft 

0 


A 
0 


1 

1 




Q 

7 


cuiiaing Mitsriais 


L 
D 


A 

Q 


A 
U 


A 

u 


L 
6 


10 


Construction Equipment 


11 


I 


0 


0 


13 


u 


Conitruction Safety 


10 


3 


0 


G 


13 


12 


Project Scheduling and Control 


7 


1 


0 


0 


8 


13 






1 


1 

ll 


u 


k 


14 


Cost Control and Analysis 


10 


1 


1 


0 


IE 


15 


Elictrical, Mtchanical, Plumbing 
Hieory and Design 


6 




0 

i 


0 


11 
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mill 



fori M'kim Gradile It 
l^mm Special Coiirii hprn %M Totili 




ilectricEl, MeimiEil, Fluiiiliiif 
litoi; IstimatiM, 



Sfslei klfiiiiMOpcrata 
Sesaafcli ' 

CgMtryctioiiCoiilccoysliiii 

PrlscipleyfEcoiinics 

PriiicipksofAccoiiiitiiii 



13 



SiiuriiiteiMBpifii(Coaitrii£tioii| 




1 4 



J 7 



FiiaiiiilHfOrpiiiitionaii 

ir^ials o: 
ifCoi 

lies 



I 1 
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2 1 



1 I I 

§ 1 13 

I 1 11 

^ 0 11 

i 9 1! 



1 0 II 



I 9 13 

I , i 11 

9 I n 

I 1 10 



llemeflti 



fori M^^m Graiite 
f|irieiice |edii Coiirie Propni 



Hot lo' 



H GMlOif 

3! GrapHcsi Mecliiical 

]l Guplicii ircHtactial 

11 Descripiivi Geomtrf 

II litiitici; Boiineis 

31 CoiapoiM Pro|raiimifl| 

10 Cofflpiitef Diti P!oceaiiii| 

11 klpki 
it frl|Ofloniitrf 

13 MlftieGioinatrf 

14 Cilciilai 
1^ Miriiitiall^itioiii 
1^ Miiki li )kkm I 
il Micliaiiiciofllei'ialE C 
11 PropertissoICcsstfitioiMateriali 1 
I? WamsiiiilsofSritMilDiiii i 



9 3 
9 g 



5 



12 



1 1 



1 I 



1 § 
1 3 



Work Non-Degree Gra^te Not Rou 
Elements Experieiice Special Courie Propim Needad Total 



50 Structural DiVJigni Wood, 





Concretej Steel 


0 


1 


2 


1 


4 


SI 


Soil Mechanics 


3 


0 


1 


0 


4 


S2 


Hydraulics j Waterj Sewage 


2 


3 


0 


2 


7 


53 


Foundation Engineering 


0 


1 , 


0 


0 


1 


54 


Concrete Form Design 


1 


1 


1 


0 


3 


55 


Construction Surveying 


4 


0 


0 


0 


4 


56 


Engineering Surveying 


3 


1 


0 


2 


6 


57 


Earthwork Surveying 


5 


0 


0 


1 


6 


58 


Enginaering Economics 


2 


1 


5 


2 


10 


59 


^dTOnced Stmctural Design 


0 


5 


16 


4 


25 


60 


Iflghway Engineering 


3 


5 


4 


2 


14 


61 


English Composition 


1 


1 


0 


1 


3 


62 


Humanitiesi Literature and Fine 
Arts 


0 


4 


I 


2 


7 


63 


Hiiloiophy 


1 


3 


0 


5 


9 


64 


Logic 


1 


4 


0 


3 


.3 


65 


Oral Communications 


1 


0 


0 


0 


I 


66 


Technical Report Writing 


I 


2 


0 


1 


5 



ERIC 



funjber 




E" 


Work 


Non-Degree 


Graduate 


Not 


Row 


Of 


rfoiessionai iiitiiics 




A 

4 


I 


0 


1 


7 


68 


Social Science! History, 
Government 




0 


3 


0 


3 


6 


69 


Psychology 




0 


3 


0 


2 


5 


70 


Undirected Elective CourEas 




1. 


2 


1 


0 


4 


71 


Directed Elective Coursei OfferLng 
AlteFnative or Advanced Courses 
in a Major Area 


0 




2 


0 


1 

5 




Totals 




111 


194 


92 


101 





I 



126 

o 
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T^TEST OF SIGNIFICANCE FOE PERCEPTION OF 
ENGINEERING EDUCATED AND CONSTRUCTION 
EDUCATED lESPONDENTS TOWARD CONSTRUCTION 
EDUCATION ELEMENTS 



APPENDIX H 



T-TEST OF SIGNIFICANCE FOR PERCEPTION OF ENGII^ERrNG EDUCATED 
AND CONSTRUCTION EDUCATED RESPONDENTS TOWARD 
CONSTRUCTION EDUCATION ELEMENTS 







Eng] 


ineer 


Const: 


ruction 


61 Dij 




H s 1.671 






mi 


Ni 


=36 




2 Tail 


Q 

,05 


No. 


Elements 


Mean 


S. D. 


Meaii 


S. D. 


T-Value 


Pfoh 




1 


Orientation into Construction 


L777 


= 993 


2,08 


1.079 


■1,18 


.244 


Accept 


E 


Specifications If Drawings 


hm 


.893 


2.64 


.639 


' .62 


.535 


Accept 


3 


Constfuction Contracts 


1.963 


.979 


2.19 


1,037 


- .90 


.373 


Accept 


4 


Cost Estimating 


2.259 


,712 


2i EE 


.897 


.18 


.860 


Accept 


S 


Quantity Takeoff 


2.111 


,847 


2,44 


,772 


■1,63 


,109 


Acceofc 

s 9 w V w W to 


6 


Building Mate rials 


1,296 


.993 


1,72 


i.oae 


^1,62 


.110 


Accsot 


7 


Contractor Orpnization and 
Operation 


1.111 


1,08& 


IJB 


.996 


■1.79 


.078 


Reject 


8 


Project Organization and 
Operation 


1,370 


1,181 


1.63 


i 

1.125 


■ .92 


.362 


Accept 


9 


Building Mafe rials 


L851 


,907 


1,81 


.709 


.23 


.821 


Acctpt 


10 


Coflstruction Equipment 


1.370 


1.114 


1,72 


.778 


-1,48 


.145 


Accept 


11 


Construction Safety 


1.407 


1,118 


LQl 


.840 








n 


Projeet Scheduling and Conti'ol 


2.000 


1.000 


2.47 


.736 


-2,16 


.035 


Rtjfct 


13 


Construction Economics 


2.148 


.90? 


1.86 


1,018 


1.16 


.251 


Acctpt 
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Engineir Construction 61 Peg. Fres H = 1. 671 
Ml N=36 " 2 Tail ° ,05 



No. 


Elements 


Mean 


S.D, 


Mean 


S.D. 


T-Value 


Prob. 




14. 


Cost Control and Analysis 


1.777 


1.120 


2.08 


.996 


-1.14 


.258 


Accept 


IS 


Elictricai, Mechanical, 
Plumbing Theory and Design 


1.296 


.953 


1.36 


,930 


- .27 


.787 


Accept 


16 


Electrical, Mechanical, 
Pluiiibing Syitems; Estimating 
Coordination 


L296 


.823 


1.38 


1.076 


- .37 


.711 


Accept 


17 
18 


Syatemi Analysis and 
Operations Research 

Construction Cost Accounting 


i 740 

1,259 


d Eft 

.859 
1.059 


.69 
1,63 


.709 

1.150 


. 23 
=1.34 


. olo 

.185 


Accspt 
Accept 


19 


Principles of Economics 


li407 


0 00 

.888 


1.25 


. 9Ub 


.09 


AtiA 

, 4^4 


Acctpt 


20 
21 


Principlei of Accounting 
Finance 


L370 
1.074 


,838 
.873 


1.52 
1,25 


,877 
,937 


- .72 
■ .76 


.476 

.451 


Accept 
Accept 


22 


Insurance and Bonding 
( Construction) 




n 1 L 


1,75 


.990 


=3. 3b 


• uui 


Reject 


23 
24 


Peraonnil Mana|ement 
Labor Law 


1 AAA 

1*444 

1 1 AQ 




1,97 

1, Id 


tiui 


1 

i iL 


i U4f 

hi n 
i UlU 


Reject 
Aeject 


25. 


Labor Relationi 


1.259 


1.022 


1.80 


1.009 


-2.11 


.039 


Reject 


26 


Buiinesi Law 


1,518 


,849 


i.se 


.918 


=L63 


.107 


Accept 


27 


Construction Contract Law 


1.814 


.962 


1.91 


1,130 


= .38 


.798 


Accept 
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En|ineer Construction 61 Peg, Free H s 1,671 
N=27 N^36 2 Tail °.05 



No, 


Elemanti 


Mean 


S.D, 


Mean 


S. D. 


T-Value 


Prob. 

_ H 




28 


Fundsmentals of OrEanization 
and Management 


1,481 


1,122 


2.05 


.984 


4,16 


.035 


Reject 


29 


Fimdamentls of Real Estate 


.SEE 


,577 


.78 


,721 


-1.31 


.194 


Accept 


30 


Building Codes 


1.481 


.893 , 


1.80 


.950 


■1.37 


,175 


Accept 


31 


General Physics 


1.703 


1.137 


1,44 


.843 


1,04 


.303 


Accept 


32 


Engineering Physics 


2.148 


.907 


1.44 


,998 


2.88 


,006 


Reject 


33 


Cheniistry 


1.148 


.988 


.72 


.659 


Z.05 


,045 


Reject 


34 


Geology 


1.963 


.979 


.86 


.798 


4.92 


,000 


Reject 


35 


Graphics : Mechanical 


1.777 


.933 


1.77 


.929 


,00 


l.QOO 


Accept 


36 


Graphics: Architectural 


1.963 


1,091 


2.08 


.769 


» ,51 


.609 


Accept 


37 


Descriptive Geonietry 


1,963 


,939 ' 


1,52 


,844 


1.93 


.058 


Reject 


38 


Statistics! Businesi 


1.111 


,577 


1.13 


,930 


- ,14 


.892 


Accept 


39 


Computer Programming 


1.296 


' ,775 


1.22 


.929 


,34 


.738 


Accept 


40 


Computer Data Processing 


1.185 


,786 


LOO 


,894 


.86 


,395 


Accept 


41 


ilgebra 


2.444 


.933 


2,22 


.897 


.96 


,343 


Accept 


42 


Trigonometry 


2,518 


,849 


2.16 


.878 


1.60 


.116 


Accept 


43 


Analytic Geometry 


2.000 


,960 


L86 


.960 


' .57 


,572 


Accept 


44 


Calculus 


1,814 


1,001 


1,30 


.fEO 


2.06 


.044 


Reject 
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Engineer Construction 61 Peg, Free H =1.671 
N.27 N=36 " I Tail ® .05 



No. 


Elelemti 


Mean 


S.D, 


Mean 


S.D. 


T-Value 


Prob. 






Differential Eqtiations 


1. 25Q 




81 








*\eject 


k 


[6 


Statistic! and Mechanics 


2. 222 


.891 


1.83 


1,082 


1.52 


,134 


Accept 


4? 


Mechanics of Materials 


2.518 


,642 


2,08 


.937 


2,07 


.042 


Reject 


4 




Properties of Construction 
Materials 


2,518 


.700 


2.19 


J55 


1.60 


,114 


Accept 


4 


•9 


Fundamentals of Structural 
Design 


2.555 


.640 


2.33 


.676 


1.32 


.192 


Accept 


5 


0 


Structural Design; Wood, 
Concrete SMpI 


ti J f U 




7 7^ 








Accept 


5 


1 


Soil Mechanics 


L i 4 J 7 




1 17 


77S 


Li (j 


* UU5 


Kejeet 


S 


% 


Hydraulics. Water Sewaee 


1. 777 




1 19 

1,17 


i UJ J 


7 ^7 


ni? 




S 


3 


Foundation Engineering 


2. 333 




1.61 


7ZR 


J i y y 






54 


Concrfitfi Forni D^ii^n 


2 7Qk 


f QLJ 




i full 


^7 


71 1 


Accept 


1 


f 


Construction Survedne 


2.740 


.525 


2.61 




PI? 

i OL 


41R 




5 


6 


EnEineering Sufvevinp 


2.555 




I 72 


074 


Ji so 


nnn 
! uuu 


xvejeCt 




? 


Earthwork Survevinff 


2 4fil 

Li ^Ql 




1 07 






(\7A 


Reject 


S 




engineering JLccnoinics 


1.703 


.775 


1.25 


.906 


2,09 


.041 


Reject 


i 


9 


Advanced Structural Design 


,814 


.786 


,63 


,833 




.399 


Accept 


6 


0 


Highwijr Engineering 


1.296 


.775 


LOO 


.861 


1.41 


,164 


Accept 



I 
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Engineer Construction dl Pep, Free _ H -L671 
N=27 N=36 2 Tall ° .05 

No, Elements , Meiii SiD, Mean S,D. T-Value Prob. 



ll 


English Compoiitioa 

^ 


2,148 


.948 


2.27 


.701 


■ ,62 


.535 


Accept 


Cm 


Humanities 1 Literature and 
Fine Arts 


1,03? 


,758 


1.02 


,654 


,05 


.959 


Accept 




Philoiophy 


1,000 


,733 


,69 


.786 


1.57 


.122 


^ Accept 


4 


Logic 


1,891 


,907 


1.58 


1,052 


1,06 


.292 


Accept 


i5 


Oral Communicationi 


2.444 


.800 


2.69 


',576 


■1,44 


.155 


Accept 


6 


Tichrucal Report Writing 

- — r e 


2,148 


.863 


2.00 


,985 


.62 


.536 


Accept 


7 


Profeisional Ethics 


LB88 


1,086 


1,80 


.920 


.33 


.749 


Accept 


8 


Social Science? History, 
Govarnment 


1.370 


.966 


1.05 


.790 


1.42 


.160 


Accept 


9 


Psychology 


1,444 


h086 


1,38 


.802 


,23 


.316 


Accept 


0 


Undirected Elective Courses 


1.333 


1.074 


1,80 


1,090 


■1.71 


.092 


Reject 


1 


Directed Electi"' ourses 
Offering AlternaEive or 
Advanced Courses in a Major 
Area 


1.518 


,975 


1.86 


,990 


■1,37 


,176 


Accept 
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APPENDIX I 



CONTINGENCY TABLE ANALYSIS FOR THE VARIABLESi 
ACADEMIC EDUCATION AND LEVEL OF CURRICULAR 

ELEMENT IMPORTANCE 

CONTROL VARIABLE- LENGTH OF EXPERmNCE 
CHI-SQUARE TEST OF SIGNIFICANCE 
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APPENDIX I 



CONTINGENCY TABLE ANALYSIS FOR Tiffi VARIABLES^ ACADEMIC BACKGROUND 
AND LEVEL OF CURRICULAR ELEMENT IMPORTANCE 
CONTROL VARIABLEi LENGTH OF CONSTRUCTION EXPERIENCE 
CHI-SQUARE TEST OF SIGNIFICANCE 



ChUSquara ^ 7,82 at ,05 
Level wiih 3 df 



Nq. 


Element 


1-S Years 
Experience 


Prob, 


9-30 Years 
Experience 


Prob. 


1. 


Orientation into Construction 


2.077 


J56 


S.8B6 


.117 


2. 


Specifications k Drawings 


5,777 


.123 


' 2.021 


.364 


3, 


Construction Contracts 


3. 200 


.362 


1.425 


,700 


4. 


Cost Estimating 


1.666 


.645 


1.699 


.428 


5. 


Quantity Takeoff 


.935 


.817 


4,050 


,256 


6. 


Bidding procedures 


1.605 


.658 


2.795 


.424 


7. 


Contractor Organisation k derations 


4,946 


.176 


2,035 


.565 


B. 


Project Organization k Oot rations 


4.237 


.23? 


.407 


.939 


9* 


Building Mattrials 


.949 


.622 


1.312 ^ 


.622 


10. 


Construction Equipinent 


6.666 


.083 


4.633 


,201 


11, 


Construction Safety 


11.822 


.008 ■ 


4. 548 


,208 


12. 


Project Scheduling It Control 


1.074 


,783 


3.272 


.351 
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1-8 Years 


9-30 Yaars 




No, 


Element 


Experience 


Prob, Experience 


Prob. 


13, 


Construction Economics 


2,715 


.438 4.258. 


,234 


14, 


Coit Control k Analysis 


1.087 


,^80 4295 


,231 



15. Electrical, Mechanical, Plumbing 
ITieory k Design 

16,, Electrical, Mechanical, Plumbing 
Systems! Estimating, Coordination 



18, Construction Cost Accouritif^g 

19, Principle I of Economics 

20, Principles of Accounting 

21, Finance 

22, Insurance k Bonding (Construction) 

23, Personnel Management 

24, Labor Law 

25, Labor Rilations 

26, Business Law 

27, Conitruction Contract Law 

28, Fundamentali of Organization U 
Managiment 



3. §22 


. 281 


1 ?5n 


741 


5,142 


,161 


.300 


,960 


1,991 


.369 


2.198 


.333 


5.643 


,130 


5,171 


.160 


.933 


.817 


1.350 




.355 


.949 


3,153 


,360 


.232 


,972 


5,625 


.131 


4.606 


.203 


8.214 

r 


,042 


3.510 


,319 


1.050 


.789 


3.655 


.301 


3.000 


.392 


2.732 


.434 


6.825 


,078 


2.333 


.506 


5.163 


.160 


4.688 


.196 


1.285 


,733 


2.715 


.438 


4,312 


,230 



No. 


Elemeiit 


1-8 Years 
Expsrience 


Prob, 


0-30 Yearfi 
Experience 


Prob 


29. 


Fundamemals of Real Estatt 


1.600 


,659 


' 1,017 


.601 


30. 


Buildliig Codes 


3.466 


.325 


.675 


,879 


31. 


General Phjriici 


5,862 


,118 


4,142 


.246 


32. 


Engineering Ph/sics 


a. 206 


.15? 


4,800 


.187 


33. 


Chemistry 


485 


.824 


2,633 


.448 


34. 


Geology 


15.888 


.001 


4,837 


.184 


35. 


Graphics: Mechanical 


2.332 


.506 


1.548 


,671 


36. 


Graphics: Architectural 


3.070 


.380 


5.327 


,149 


3?. 


Deicriptive Geometry 


4,278 


.233 


2.250 


,522 


38, 


Statistics.' Business 


2.435 


.487 


6.985 


.072 


39, 


Computer Prograniming 


2,977 


.395 


7,846 


.049 


40. 


Computer Data Procesiing 


2.151 


,341 


1.992 


.574 


41. 


Algebra 


.358 


.943 


9.400 


.009 


42. 


Trigoncime£ry 


1,548 


.671 


11.892 


,003 


43. 


Anilytic Geometry 


3.501 


.321 


3,050 


.384 


44. 


Calculus 


6i 223 


.101 


2,625 


453 


45. 


Differential Equations 


,696 


.706 


1,571 


.666 


46, 


Statics k Mechanics 


.851 


.604 


4,125 


,248 
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No, Element 



1-8 Yean 9-30 Years 

Exparience Prob, Experience . Prob, 



1 Micnanics oi Materials 


5i 140 


.162 


4,785 


.091 


^0* rrgperciei oi yonstruction Materials 


2,905 


,406 


3,017 


,221 
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li 532 


, 465 


3,500 


. 173 


Steel 


2.468 


,291 


2,250 


.522 


51 1 Soil Mechanics 


7.208 


.066 


2.600 


,457 


52. Hydraulics, Water, Sewage 


7,063 


,069 


2,330 


.507 


53. Foimdation Engineering 


7,726 ' 


,052 


6.259 


.100 


54. Concrete Form Design 


1,938 


,585 


1,886 


.389 


55, Construction Surveying 


1.234 


.745 


,555 


.456 


56, Engineering Surveying 


6,013 


.111 


8.34^ 


.039 


57. , Earthwork Surveying 


2.701 


.440 


6.0C9 


.111 


58, Engineering Economics 


7,930 


.047 


2.163 


,539 


59. Advanced Structural Design 


.943 


.624 


3.911 


.271 


60, Hghway Engineering 


9.407 


.024 


1.153 


,764 


61, English Composition 


3.517 


.318 


2.353 


J02 


62, Humanities; Literature |e Fine Arts 


1,085 


.780 


.525 


.769 


63. Philosophy 


2,252 


.522 


.395 


,820 


64. Logic 

i 


4,609 

t 


.203 

i 


.875 


.831 
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65, Oral Communications 

66, Technical Report Writing 

67, Profeiiional Etliics 

681 Social Science! History, Government 

69 1 Psychology 

70. Undirected Elective Courses 

71. Directed Elective Coursei Offering 
Alternative or Advanced Courses in 
a Major Area 



.717 


,698 


1,720 


,632 


2,954 


398 


, 1,250 


,741 


4,13E 


.E47 


2,812 


.421 


1.037 


,792 


6.8E5 


.077 


4,630 


, 201 ' 


1,628 


iOSE 


4.307 


iE30 


L200 


,753 


.855 


.036 


.853 


.836 
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APPENDIX J 

EDUCATIONAL QOAIM AND RECOMMENDED CONSTRUCTION 
CURRICULA FOR THE CONSTRUCTION INDUSTRY 



tocreasingly, the Construction fiidustry is coming to realize 
that it will be served best by perionnel specifically educated and 
trained in the managerial and scientific techniques necessary to meet 
the ever -increasing demands of this rapidly changing techaological 
age. Few indvistries have more diversified personnel requirements. 
Professional engineeri, business managers, technicians and skilled 
craftsmen, together form its manpower framework. Probably no 
other industry is so beset by recurrent personnel shortages at all 
levels. It is more tlmn obvious that expanded training of manpower 
is one of construction's most pressing needs. 

To this end, the Construction Education Committee of the 
Associated General Contractors of America desires to set forth 
education programs which it feels will both meet the needs and eahance 
tiie future of the induitry. Programs covered here are designed pri- 
marily for managerial, supervisory and technical personnel and are 
to be considered as complementary to those being developed for the 
training of craftsmen. 

Construction Management Education 

I While the todustry shall always require many persons trained 
solely as engineers or in the managerial skills, it is increasingly 
clear that the most effective training for the Industry's leaders at all 
levels of managerial responsibility is a meaningful syTithesis of 
engineering and business management education at the University 
level which shall be termed Construction herein and shall entitle 
one, who satisfies aU requirements, to a Baccalaureate Degree. 
In order to assist most effectively in one's career development,' 
construction education should contribute to these personal qualities- 

1) The human understanding to be able to work with all types' 
of people. 

2) The discipline to think and reason logically. 

3) The technical ability to visualize and sol ve practical con- 
struction problems. 

4) The managerial knowledge to make sound decisions and 
implement them on a prudent economic basis. 

5) The facility to communicate these decisions clearly and 
concisely. 
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6) The professional stature to provide dynamic leadership in 
the construction industry and the community. 
The curricula' recommended here ii In broad outUnr. only. The 
iriipiementation of the curricula and the sponsoring college (Engmeer- 
ina ' Arc>.-tecture. Business, etc. ) would depend upon the professional 
education and experience of the faculty and the educational faciUties 
available at the various colleges and universities. 

Whether the cobrse la given In four years or five yars, the 
percentage mix of the several ingredients of total course content 
should be approximately the same, but obviously the five-year course 
should delve more deeply into all areas. An integrated program of ^ 
engineering, construction, and business Is recommended, but this 
is not to say that worthwhile results may not be obtained by adding a 
fifth year of business and construction to an undergraduate engineer- 
ing program. 

Construction may be roughly divided into the two ar^as of: 

1) Heavy and Highway Construction 

2) Building Construction 

While basically educational requirements for the two are the same, 
it Is recognised that the emphasis on engineering science and de^sign 
should be greater for Heavy and Highway Construction. Other than 
this no good purpose is served by stressing differences and from 
th« standpoint of most fully utilizing the capabilities of both faculty 
and educational institutions, couraes should be structured to serve 
students interested in either area. 

For Building Construction, a curriculum is recommended as 
follows- (Note - percentages, to be regarded as approximations, 
refer to total course content of 4 or 5 year curriculum) 

A) Basic Science - (22%) to include: 

1) Mathematics 

a) Analytical Geometry , 

b) Calculus 

2) General Physics 

3) Chemistry or Engineering Geology 

4) Computer - data processing and problem solution 

5) Graphics ^ 

6) Statistics 

B) Basic & Applied Engineering - (22%) to include: 

1) Mechanics 

2) Mechanics of Materials 

3) Structural Engineering 

a) Fundamentals of Structural Theory and Design 

b) Soil Mechanics and Fdundatlon Engineering 
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c) Structural Design - Wood, Reinforced concrete. 
Steel, Aluminum, etc, 

4) Surveying 

5) Engineering Economy & Cost Analysis 
C) Construction - (20%) to includei 

1 ) Orientation 

2) Contracts^ Plans & Specifications 

3) Cost Eitimatmg & Bidding 

4) Constructi«Ei Operation 

a) Contractors Organization 

b) Project Organisation & Supervision 

c) Building Materials k Methods of Construction 

d) Construction Equipment 

e) Conitruction Safety 

5) Project Scheduling & Control 

6) Construction Economics & Cost Control 

7) Electrical tostallations 

8) Heatii.j, Ventilating & Air Conditioning tostallations 

9) Mechanical Installations 

10) Systems Aimlysis, Operations Research, etc. 

D) Management - (16%) to includes 

1) Economics ' 

2) Accounting 

3) Financa including tosurance & Bonduig 

4) Personnel Management & J - , Relations 

5) Business Law 

6) Fundamentals of Real Estate & Building Codes 

7) Organization Management 

E) Socio-Humanistic Studies - (15%) to includei 

1) English ^ Composition & Literature 

2) Speech 

3) Technical Report Writing 

4) Political Science - American Government 

5) Social Science 

6) Peychology 

7) Ethics 

8) Electives 

For Heavy and Highway Construction a curriculum is recom- 
mended as follows* 

A) Basic Science - (22%) to includei 

1 ) Mathematics 

a) Analytical Geometry 

b) Calculus 

2) General Physics 

3) Engineering Geology 
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4) Computer - data processing and problem solution 

5) Graphics 

6) Statistics 

Basic It Applied Engineering - (34%) to include i 

1) Mechanics & Statics 

2) Mechanics of Materials 

3) Structural Engineering 

a) Fundamentals of Structural Theory and Design 

b) Soil Mechanics k Foundation Engineering 

c) Structural Design - Wood, Reinforced concrete, 
Steel, Alimiinum, etc. 

d) Advanced Structural Design 

4) Surveying, Earthwork, Principles of Photogrammei 

5) Hydraulics, Water and Sewerage 

6) Highway Engineering 

7) Engineering Economy k Cost Analyeis 
Construction - (19%) to include- 

1) Orientation 

2) Contracts^ Plans k Specifications 

3) Cost Estinmting k Bidding 

4) Construction deration 

a) Contractor's Organisation 

b) Project Organization Se Control 

c) Materials & Methods of Construction 

d) Conitruction Equipment 

e) Construction Safety 

5) Project Scheduling & Control 

6) Construction Economics k Cost Control 

7) Systems Analysis, Operations Research, etc. 
Management - (13%) to include: 

1 ) Economics 

2) Accounting 

3) Finance including toaurance k Bonding 

4) Personnel Management k Labor Relationi 

5) Business Law 

6) Organisation Management 
Socio-Humwiistlc Studies - (12%) to includei 

1) English - Composition St Literature 

2) Speech 

3) Technical Report Writing 

4) Political Science - American Government 

5) Social Science 

6) Psychology 

7) Ethics 
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Large portions of both curricula are engineering. It is 
recognj.^ed that some institutions mmy find it impractical for reasons 
of accreditation requirements, faculty ej^erience and interest or in- 
stitutional faciHties to offer Construction in the College of Engineer- 
ing. h% any case, it is intended that the curricula recommended hero- 
in be offered with no less rigor than the traditional engineering course 
of study. 
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